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1. WORKSHOP PROCEEDINGS 

1.1 INTRODUCTION 

1.1.1 Workshop Time and Place 

The SEDAR 16 Assessment Workshop was held May 5 - 9, 2008 in Miami, Florida. Two 
additional web-based conference calls were held to complete the presentation and discussions for 
the models.  The calls were held on 30 May, 2008 and 17 June 2008. 

 
1.1.2 Terms of Reference 

1. Review any changes in data following the data workshop and any analyses suggested by 
the data workshop. Summarize data as used in each assessment model. Provide 
justification for any deviations from Data Workshop recommendations. 

2. Develop population assessment models that are compatible with available data and 
recommend which model and configuration is deemed most reliable or useful for 
providing advice. Document all input data, assumptions, and equations.   

3. Provide estimates of stock population parameters (fishing mortality, abundance, biomass, 
selectivity, stock-recruitment relationship, etc); include appropriate and representative 
measures of precision for parameter estimates. 

4. Characterize uncertainty in the assessment and estimated values, considering components 
such as input data, modeling approach, and model configuration. Provide appropriate 
measures of model performance, reliability, and ‘goodness of fit’.  

5. Provide yield-per-recruit, spawner-per-recruit, and stock-recruitment evaluations. 
6. Provide estimates for SFA criteria consistent with applicable FMPs, management 

programs, and National Standards. This may include: evaluating existing SFA 
benchmarks, estimating alternative SFA benchmarks; and recommending proxy values. 
SFA parameters shall be provided for the Gulf and Atlantic Migratory Units as currently 
defined using the most current mixing data. 

7. Provide declarations of stock status relative to SFA benchmarks.  
8. Estimate Allowable Biological Catch (ABC) based on the following criteria: 

A) Based on migratory groups and mixing zone dynamics defined using best available 
scientific information, provide separate ABC values for each of two management areas 
delineated at the Miami-Dade/Monroe County line: all fish caught north of the line 
allocated to the Atlantic management area and all fish caught south of the line allocated 
to the Gulf management area. 

B) Based on migratory groups and mixing zone dynamics as currently defined, provide 
separate ABC values for the Gulf and Atlantic Migratory Units based on allocating all 
fish in the mixing zone to the Gulf Migratory Unit (essentially the ‘continuity’ approach).  

C) Based on migratory groups and mixing zone dynamics as currently defined, provide 
separate ABC values for the Gulf and Atlantic migratory units based on allocating 50% 
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of the fish in the mixing zone to the Gulf Migratory Unit and 50% of the fish to the 
Atlantic Migratory Unit. 

D) Based on migratory groups and mixing zone dynamics defined using best available 
scientific information, provide separate ABC values for each of two management areas 
delineated at the Gulf and South Atlantic Council boundaries 

9. Project future stock conditions (biomass, abundance, and exploitation) and develop 
rebuilding schedules if warranted; include estimated generation time. Stock projections 
shall be developed in accordance with the following: 

 A) If stock is overfished: 
  F=0, F=current, F=Fmsy, Ftarget (OY), 
  F=Frebuild (max that rebuild in allowed time) 
 B) If stock is overfishing 
  F=Fcurrent, F=Fmsy, F= Ftarget (OY) 
 C) If stock is neither overfished nor overfishing 
  F=Fcurrent, F=Fmsy, F=Ftarget (OY) 

10. Evaluate the results of past management actions and, if appropriate, probable impacts of 
current management actions with emphasis on determining progress toward stated 
management goals. 

11. Provide recommendations for future research and data collection (field and assessment); 
be as specific as practicable in describing sampling design and sampling intensity. 
Provide discussion of progress on research and monitoring recommended by SEDAR 5. 

12. Complete the Assessment Workshop Report (Section III of the SEDAR Stock 
Assessment Report) and prepare a first draft of the Summary Report. 

 
1.1.3 List of participants 

Workshop Panel 
Harry Blanchet ......................................................................... GMFMC SSC/LA DWF 
Craig Brown .............................................................................................. NMFS Miami 
Christine Burgess ...................................................................... SAFMC SSC/NC DMF 
Shannon Cass-Calay ................................................................................. NMFS Miami 
Frank Hester  ........................................................................................... DSF (SAFMC) 
Kevin J. McCarthy .................................................................................... NMFS Miami 
Robert Muller ............................................................................ GMFMC SAP/FL FWC 
Michael Murphy........................................................................ GMFMC SAP/FL FWC 
Russ Nelson  ................................................................................. NRC, Inc. (GMFMC) 
Refik Orhun .............................................................................................. NMFS Miami 
Mauricio Ortiz ........................................................................................... NMFS Miami 
Clay Porch ................................................................................................. NMFS Miami 
Victor Restrepo ......................................................................................... NMFS Miami 
Steve Turner .............................................................................................. NMFS Miami 
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Donald Waters ............................................................................................GMFMC AP 
Bob Zales, II................................................................................................GMFMC AP 
 
Council Representation 
David Cupka ...................................................................................................... SAFMC 
William Teehan ................................................................................. GMFMC/FL FWC 
 
Observers 
Steve Branstetter ....................................................................................... NMFS SERO 
Susan Gehart ............................................................................................. NMFS SERO 
Doug Gregory ...........................................................................................GMFMC SSC 
Tom Ihde  .................................................................................................... Univ. of MD 
Russell Hudson  ....................................................................................................... DSF 
Albert Jones ..............................................................................................GMFMC SSC 
Dennis O’Hern ......................................................................................................... FRA 
Mike Wilberg  .......................................................................................................... CBL 
 
Staff 
Tyree Davis ............................................................................................... NMFS Miami 
Julie Neer ........................................................................................................... SEDAR 
Tina Trezza ....................................................................................................... GMFMC 
Andi Stephens .................................................................................................... SAFMC 
Gregg Waugh ..................................................................................................... SAFMC 

 

1.1.4 List of Assessment Workshop Working Papers 

 
Document # Title Authors 

Documents Prepared for the Assessment Workshop 

SEDAR16-AW-01 Commercial King Mackerel Sampling 
Fractions for North Carolina by 
District,  

Gloeckner, David 

SEDAR16-AW-02 Effects of King Mackerel Fishing 
Regulations on the Construction of 
Fisheries Dependent Indices of 
Abundance 

McCarthy, K, S. Cass-
Calay, M. Ortiz, and J. 
Walter 

SEDAR16-AW-03 Commercial King Mackerel Trip Gloeckner, David 
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Sampling in NC, Differences in Fishing 
by State District 

SEDAR16-AW-04 Technical Description of the Stock 
Synthesis II Assessment Program 

Methot, Richard D.  

SEDAR16-AW-05 User Manual for the Integrated 
Analysis Program Stock Synthesis 2 
(SS2) 

Methot, Richard D. 

SEDAR16-AW-06 Virtual Population Analyses of Gulf of 
Mexico and Atlantic King Mackerel 
Migratory Groups: Continuity Case and 
Sensitivity Runs (Version 1) 

Cass-Calay, S. and M. 
Ortiz 

SEDAR16-AW-07 Updated Estimates of Gulf king 
mackerel bycatch from the U.S. Gulf of 
Mexico Shrimp trawl fishery 

Ortiz, M. and K. 
Andrews 

SEDAR16-AW-08 Preliminary Report King Mackerel 
stock assessment results 2008 

Ortiz, M. R. Methot, 
S.L. Cass-Calay, and B. 
Linton 

SEDAR16-AW-09 Notes on the weighting of the indices 
for the king mackerel VPA analyses 

Restrepo, V.R., S. 
Cass-Calay, and M. 
Ortiz 

SEDAR16-AW-10 Virtual Population Analyses of Gulf of 
Mexico and Atlantic King Mackerel 
Migratory Groups: Continuity Case and 
Sensitivity Runs (Version 2) 

Cass-Calay, S., M. 
Ortiz and V.R. 
Restrepo 

SEDAR16-AW-11 Virtual Population Analyses of Gulf of 
Mexico and Atlantic King Mackerel 
Migratory Groups: Continuity Case and 
Sensitivity Runs (Version 3) 

Cass-Calay, S., M. 
Ortiz and V.R. 
Restrepo 

SEDAR16-AW-12 Virtual Population Analyses of Gulf of 
Mexico and Atlantic King Mackerel 
Migratory Groups: Continuity Case and 
Sensitivity Runs (Version 4) 

Cass-Calay, S., M. 
Ortiz and V.R. 
Restrepo 

Reference Documents 

SEDAR16-RD08 THE FLORIDA KEYS WAY BACK 
WHEN... (FISHING FOR KING 

Little, Jr, E.J. 

7 
SEDAR 16 SAR SECTION 3  ASSESSMENT WORKSHOP REPORT 



Gulf of Mexico and South Atlantic King Mackerel 

MACKEREL IN THE "GOOD OLD 
DAYS" OF KEY WEST'S HISTORIC 
SEAPORT DISTRICT) 

SEDAR16-RD09 King mackerel hooking mortality 
assessment 

Edwards, Randy E. 

 

1.2 PANEL RECOMMENDATIONS AND COMMENT 

Preface: Assessment Timeline 

The assessment workshop for Gulf of Mexico and South Atlantic king mackerel was held 
in Miami, FL May 5-9, 2008.  The Panel was initially provided with two main models for 
discussion: a statistical catch-at-age model (an updated version of Stock Synthesis) and a virtual 
population analysis model (VPA-2Box).  The VPA, consisting of 2 migratory units (Gulf and 
Atlantic), was initially considered for the continuity case, while SS3, consisting of three zones 
(Gulf No-mix, Atlantic No-mix, and Mixing), was the original the base model under 
consideration.  As the SS3 model was unfamiliar to most Panelists, the majority of the 
discussions during the workshop focused on this model, as reflected in the discussions 
documented below.  Approximately half way through the workshop the Panel agreed that an 
updated VPA model should be constructed as well to use as a check of sorts for the SS3 model.  
To that end, the updated VPA model was initially designed to mirror as closely as possible the 
SS3 data inputs.  At the end of the workshop, neither model had overcome the issues raised 
during the workshop that the Panel felt it could not recommend a preferred model and agreed 
that work on both the SS3 and updated VPA models should be continued and presented on a 
web-based conference call to be held on 30 May 2008. 

On the first conference call, the results of both models were presented and discussed with 
the majority of the discussion again focusing on the SS3, as the Panel hoped to select it as the 
preferred model.  Unfortunately, the inability to have a stock-recruit relationship for each 
migratory group, the linkage in benchmarks between the two migratory groups, questions on 
movement parameters, and the inability to estimate uncertainty in the parameters convinced the 
Panel that the SS3 model was not appropriate at that time, and they selected the VPA as the base 
model.  The remaining portion of the first call was devoted to the VPA.  The Panel agreed to 
hold a second conference call on 17 June 2008 to review the VPA results. 

The second web-based call represented the first time the Panel as a whole had time to 
discuss the full suite of results from the base VPA, including projections and some sensitivities.  
Over the next few weeks the Panel continued to work together to refine the assessment workshop 
documentation and produce this report. 
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1.2.1 Discussion and Recommendations Regarding Data Modifications and Updates 

1.2.1.1 Commercial 

LANDINGS  

 The AW panel noted that deep-mesh, runaround gill nets were not fished in the earlier 
time period, and extrapolations back in time using their landings could overestimate the portion 
of the catch attributed to gill nets.  Therefore, it was suggested that the historical commercial 
landings be reconstructed without extrapolating the runaround gill net catch.  It was further 
proposed that the reconstructed catch without this type of gill net be used as a sensitivity run.  
However, it was pointed out that regional gear-specific landings had to be estimated only for the 
years from 1962 to 1971 when these specialized deep gill nets were not in use.  As a result, the 
issue was dismissed. 

Note was made of the high reported landings from Mexico, which could affect stock 
status of king mackerel from the Gulf of Mexico (GOM) if the GOM and Mexican king mackerel 
are actually one unit stock.  It was further noted that additional fishery information (size 
composition, catch rates, general knowledge of the fisheries) from that area were lacking or 
limited in duration, and that there were concerns about the quality of the available Mexican 
landings data (accuracy of landings reports, species identification, etc.).   

During the assessment workshop modifications were made to the treatment of the 
historical landings data, particularly with respect to the assignment of some of the west Florida 
landings to the mixing area.  While the commercial landings had been accounted for spatially 
and temporally to include a GOM zone, a mixing zone, and an SA zone, it was not evident that 
the DW had split the landings into Gulf and Atlantic areas that corresponded to the jurisdictions 
of the respective Federal Councils (split by the Florida Keys).  The AW panel asked that the 
analysts ensure that this was done. 

FINFISH BYCATCH 

 The AW accepted the DW’s recommendation that the number of dead discards in the 
commercial finfish fisheries is considered sufficiently low (about 10-15 thousand fish per year) 
to be negligible enough to not include in the assessment. 

SHRIMP BYCATCH 

 The AW agreed with the DW’s recommendation to exclude shrimp bycatch from the 
mixing zone in the model since there were few observed occurrences of king mackerel bycatch 
by shrimp trawlers in this area, and extrapolation of these using estimated shrimp trawl effort 
would be highly uncertain. 
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 Shrimp bycatch estimates in the GOM were derived from a combination of SEAMAP 
data and shrimp observer data.  It was noted that the shrimp bycatch estimates from the GOM 
were very different between SEDAR 5 and SEDAR 16.  The analysts proposed that this could be 
because all effort was used in the estimates for SEDAR 5, but for SEDAR 16, effort was only 
included if it was in areas that were likely to contain king mackerel.  In addition, a different 
method of estimation was used: GLM in SEDAR 5 vs. a delta GLM in SEDAR 16 (see below).   
 Shrimp trawl effort was tabulated from FL trip ticket data and data provided by the 
NMFS Galveston lab, with king mackerel catch rates estimated from observer data (not stratified 
by depth).  Shrimp trawl bycatch was examined using both GLM and delta-lognormal 
approaches, described in SEDAR 16-AW-07.  Both methods used a log transformation to reduce 
the influence of occasional very large catches relative to the mean.  The GLM approach was used 
in previous assessments.  The delta-lognormal method first evaluates the probability of 
encountering king mackerel in a trawl tow, then the expected catch rate if there is at least one 
fish caught.  In most time periods where data existed, the delta-lognormal approach provided 
more variable and larger estimates of bycatch. 

Previous estimates of shrimp trawl effort in terms of numbers of net hours had been 
calculated using an estimate of two trawls per vessel throughout the period of record.  In this 
assessment, the Vessel Operating Unit File (VOUF) data was used to estimate the mean number 
of nets by year, which was then used as a multiplier in the estimate of effort, rather than the 
constant estimate of two nets per vessel.  Over the time period of 1972-2006, the average number 
of nets per vessel increased from an average of 1.87 to 3.1 nets.  This had the effect of increasing 
the estimated effort and bycatch in recent years, compared to the constant estimate of 2 nets per 
vessel. 

For Gulf of Mexico shrimp bycatch, SEDAR 16-AW-07 provided several possible 
methods of estimation, depending on which datasets are included (observer data from various 
programs and eras, research cruise data, and combinations of these) and whether GLM or delta 
log-normal estimates were used.  The AW concluded that the best representation was probably 
using the delta-lognormal model that incorporates all observer data (Oregon II, old observer data, 
characterization, evaluation and Bycatch Reduction Device (BRD) data from the Regional 
Research program, and the Summer 98 Program, except that for the years 1997-2001).  For those 
combinations of season and areas where BRDs are required, the estimates use the BRD predicted 
catch rates, while those season and area combinations that are not required to have BRDs use the 
non-BRD commercial predicted rate.  

The AW recommendation to use the estimates of Gulf of Mexico shrimp bycatch put 
forth in SEDAR 16-AW-07 differs from the recommendation of the data workshop panel, which 
recommended the estimates put forth in SEDAR 16-DW-05.  After much discussion between the 
analysts who produced the sets of estimates, it was determined that the only major difference that 
could be identified in the timeframe of this SEDAR process was that the SEDAR 16-DW-05 
used R code to implement the analysis, while SEDAR 16-AW-07 used SAS code.  Given that the 
two software packages produced different estimates, and the lead analytic team is more confident 
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in the results produced implementing the SAS code, the AW Panel recommended going forward 
with those estimates for the Gulf of Mexico.  The analysts will continue to examine the 
discrepancy between the two codes for use in future assessments. 

The AW was concerned that the estimates of shrimp bycatch derived for the South 
Atlantic from the SEAMAP survey were likely an overestimate because SEAMAP does not use 
BRDs or TEDs in their trawls. There was not enough observer coverage in the South Atlantic to 
use observer data to derive more definitive estimates.  In addition, the AW panel was also 
concerned because the SEAMAP data was highly variable (Figure 1.1), and the numbers of age-0 
fish caught in SEAMAP trawls were low. There was some discussion on using the Gulf CPUE as 
a proxy for the SA and coming up with a conversion factor to correct for any bias, but there isn’t 
enough observer data in the SA region to develop one. However, the estimates of discards using 
SEAMAP data were ultimately included in the model. A comment was made that the current 
estimates using SEAMAP may be fine since we are just trying to account for removal levels, and 
it should just be realized that this is a limitation of the model. Shrimp bycatch estimates from the 
GOM were derived from both SEAMAP and observer data.  Estimates from the GOM were 
deemed acceptable because they also included observer data, which does include the effect of 
TEDs and BRDs.   

A large decline in SA shrimp bycatch estimates beyond 1999 was brought into question.  
This was investigated and later found to contain an error.  The shrimp index was updated and it 
became relatively flat except for a few spikes in 1996 and 1998.  The implementation of BRDs 
may account for the decrease in bycatch seen in the shrimp fishery after the year 2000.  This 
index should be a reasonable approximation of the catch rates, but there is no way to adjust for 
BRDs or TEDs or regulations. 

SIZE AND AGE COMPOSITION 

 There was concern about the lack of samples from North Carolina commercial fisheries, 
particularly the NC gill net fishery since it accounts for 6% of the landings in the South Atlantic 
(see SEDAR16-AW-01 and SEDAR16-AW-03).  The majority of the gill net fishery in the 
South Atlantic occurs in the northern district of NC.  To remedy the lack of samples in the future, 
NMFS port agents have recently been hired in both the southern and northern districts.  It was 
noted that all commercial fisheries for each area (GOM, SA, and mixing zone) were combined 
and will most likely reflect the hook and line fishery.  It is reasonable to assume that hook and 
line samples were similar across all districts in NC, so samples from the southern district were 
used as a proxy for the missing samples in the northern district. 

The AW noted that, as with the recreational fishery, there was a portion of the landed 
commercial catch that was below the minimum size, especially in the mixing area in recent years 
(Figure 1.2).  These fish could be landed due to mis-identification by harvesters, shrinkage after 
landing, lack of knowledge of regulations, or by error, as well as on purpose.  Overall, 
undersized harvest seems to be in the 10-20% range in the most recent years, depending on the 
fishery, the region, and the year. 
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The AW recommended using ages 0-11+ for both the GOM and the SA region. 

1.2.1.2 Recreational 

LANDINGS 

The DW working group recommended using a mean of the top 5 years of CPUE within 
the available time series (1981-2006) to estimate the historic recreational catch.  Upon 
examination of those catches, it was noted that there were several cells (region/wave/year) with 
very high estimates.  As a result, the AW recommended using the median of the five highest 
catch rates per stratum to reconstruct the recreational historical catch estimates.  The series 
constructed using the mean can be used as a sensitivity run. 

Discussion then turned to whether these estimates should even be used in the assessment.  
It was pointed out that the SS3 must match the catch exactly.  There is no way to “downweight” 
the estimates of the historic portion of the landings by including CVs as a measure of 
uncertainty.  This makes accurate estimation of historical data all the more critical.  Not 
including a historical perspective can influence estimates of MSY.  The recreational landings are 
on the same order of magnitude as the commercial catch.  The historic estimations assume that 
the higher catch rates that we observed recently were the same catch rates seen historically.  The 
effort is a linear extrapolation of what it was in the 1980s extrapolated back to zero in 1930 for 
the GOM and to zero in 1900 for the SA .  The historical extrapolation of recreational landings 
estimates that at one time, the recreational fishery was bigger than the commercial fishery.  
Ultimately, the AW decided not to include the historic recreational data for the base case, but 
instead to include it as a sensitivity run. 

A question arose as to whether there was any attempt to account for changes in 
catchability due to increases in technology.  It was discussed, but it was determined to be less 
critical for the king mackerel fishery because these fishing locations are not habitat or bottom 
specific as they are for reef fish. 

HEADBOAT LANDINGS 

 A comment was made that the historical catch of headboats seemed rather high because 
headboats did not really appear until sometime after the 1950s; however, it was noted that the 
headboat historical landings are actually more accurate because it is based on data from a survey 
of trips and harvest, with no expansion via telephone survey.  There were approximately 100 
headboats operating in the 1950s, but there is no information on what they were targeting at that 
time.  This high effort data matches what fishermen have been saying: that recreational catches 
were high before the introduction of gill nets and decreased greatly after their introduction.  It 
was noted that the VPA only uses data from 1981 forward, as in the continuity, and therefore 
does not use the historical data, but some runs from the SS3 model would.  It was noted that 
overall, the magnitude of headboat landings is low and may not make much of a difference in the 
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results when all mortality factors are included.  The For-Hire Survey method should be used for 
charter boats, and calibrations should be used to recreate historical landings. 

DISCARDS 

There was substantial discussion of the use of discard mortality estimates.  The DW 
recommended applying a 20% release mortality to the MRFSS fishery where fish are released 
alive and a 33% mortality to the headboat fishery where fish were released both dead and alive.  
These mortality rates were derived from observer headboat data and also match an estimate 
determined from a Mote Marine Laboratory project (Edwards 1996).   

Ratios of number of fish per angler to the bag limit indicated that only the headboat 
portion of the recreational fishery seemed to have a substantial portion of their catch returned 
due to size; however, as noted above and in Figure 1.2, the harvest of undersized fish was not 
limited to that sector.  Bag-limit effects seemed to be minimal for the headboat fishery where 
few trips reported catches close to the limit.  The MRFSS data showed a larger portion of anglers 
meeting or exceeding the limit.  It was noted that tournament catches are partially covered by 
MRFSS, but they are likely underrepresented. 

Opinions were voiced that these discard mortalities were too high, and further comment 
was made that headboats cannot be compared to charter boats.  It was asked how an analyst can 
distinguish whether fish were dead or alive when thrown back.  It was noted that dead discards 
were added to B1 catches for MRFSS.  The B2 estimate (fish that were released alive) for 2006 
was also questioned.  It was determined that the “high” estimates for 2006 were over multiple 
waves and not all from one boat inflating the estimates. 

A decision was made to follow the recommendations of the DW, and it was noted that 
continuity runs do not include discards (B2 portions). 

1.2.1.3. Life History 

GROWTH 

The AW participants agreed with the DW decision to separate growth by sex and 
migratory group using data from fish outside the mixing zone to ensure that each curve is unique 
to either the GOM or SA migratory groups.  The samples used to develop the growth curves did 
not use the new size-age data from Patterson and Shepard because fish from the mixing zone 
could be from either migratory group.  Fish age 1 and older were modeled using a von 
Bertalanffy growth equation.  Prior to age 1, the growth was determined using a linear model 
because king mackerel grow at such a fast rate at this age that they do not conform to the von 
Bertalanffy model.  Results showed that female growth differs by migratory group, but male 
growth does not.  
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STOCK COMPOSITION 

Mixing ratios were estimated based on two years of data from microchemistry and otolith 
studies showing an approximate 50:50 GOM to SA ratio in the mixing zone.  The effective 
sample size was used to weight the likelihood for these data, and these weights can be explored 
as sensitivity runs.  Tagging data is also available; however, it was not deemed appropriate to 
model mixing rates.  John Gold’s work with mitochondrial DNA also shows an approximate 
50:50 ratio that supports the otolith and microchemistry estimates.   

The VPA 2-Box cannot model mixing rates like the SS3 model, so assumptions on 
mixing ratios must be made a priori.  It was suggested that mixing ratios resulting from the base 
SS3 run be used as a starting point for the VPA.  The AW decided to consider a 50:50 mixing 
ratio for the VPA with the understanding that this likely varies somewhat from year to year.  It 
was suggested to run different mixing rates as sensitivity analyses. 

There was also discussion on the lack of data to separate the east and west GOM.  It was 
suggested that a sensitivity analysis could be run excluding all fish west of the Mississippi River 
to see how the model reacts.    The Mississippi River corresponds more to separation of several 
stocks in the GOM than the AL/FL line used for management purposes, and may be more 
instructive for this analysis.  It was pointed out that oceanic current patterns could contribute to 
separation of east and west GOM stocks.  It was suggested to run a sensitivity analysis by 
omitting the western GOM if time permits.   

The AW reviewed information on the migratory patterns of the GOM and SA stocks.  
The AW agrees with the DW’s view that uncertainty continues to exist about linkages and 
migratory patterns between migratory groups, both between the Atlantic and Gulf, and within the 
Gulf (Eastern Gulf / Western Gulf / Mexico).  These linkages and uncertainties are reflected in 
Figure 2.15.1 of the DW Report.  The lack of data from Mexico is also a problem.  Mexico has a 
large fishery which could have a substantial impact on the U.S. 

The AW discussed the ability of age-0 fish to migrate south from the spawning grounds.   
Initial runs of the SS3 model were resulting in a large portion of age-0 fish migrating to the 
mixing zone.  This is a problem because if this does reflect reality, then most of the age-0 fish 
are not subject to bycatch in the shrimp fishery within their respective zones.  Ultimately, the 
AW recommended assuming that no age-0 fish migrate south to the mixing zone from the 
spawning grounds. 

FECUNDITY 

The AW also agreed with the DW that replacement of the older (Finucane et al. 1986) 
batch fecundity data with the new length-based batch fecundity and the more modern techniques 
used in the development of that data (see DW report, p. 26), using length-based batch fecundity 
data.  The AW decided that use of a single function for batch fecundity at length for both 
migratory groups was most appropriate due to the limited numbers of samples available from the 
GOM (non-mixing zone), the length distribution of those samples, and the wide variation in the 
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overall observations, especially for larger females.  The AW recommended using an updated 
fecundity vector based on hydrated oocyte data as reported in SEDAR16-DW-06. 

MATURITY 

The AW continued to accept the size/age at maturity information from Finucane et al. 
(1986), as the DW reported that no additional size or age at maturity data were available.   

LENGTH-WEIGHT RELATIONSHIP 

The length-weight relationship used in SEDAR 16 differed from SEDAR 5 in that 
SEDAR 5 used the growth curve to determine the relationship, whereas SEDAR 16 used 
observed data. 

NATURAL MORTALITY 

The AW accepted the Lorenzen (1996) age-specific estimates of natural mortality (M) 
scaled to the Hoenig (1983) estimate based on maximum age for king mackerel as presented in 
the DW report.  There was some discussion of the reason for using different base M’s between 
regions in past assessments.  Differences between regions and over time did not appear to be 
based on empirical data, so the AW briefly considered whether a single estimate should be used 
in both regions.  The differences seen in the estimates reflect the current observed differences in 
maximum ages for king mackerel between the SA (26 years) and the GOM (24 years), which 
provide Hoenig (1983) estimates of 0.16 and 0.17, respectively.  Using Lorenzen’s function to 
distribute the implied lifetime cumulative mortality across fully recruited ages (age-2 and older) 
give estimates ranging from 0.22 and 0.23 at age 2 on the Atlantic and gulf coasts respectively, 
to 0.15 and 0.16 at age 20.  Extrapolations to earlier ages used the assumed size of 58 cm at age 1 
and the midpoint of the line segment between the origin and this point for age-0.  

WEIGHT AT AGE 

In the 2003 GOM (SEDAR 5) assessment there was an error in the weight-at-age vector that may 
have affected the reference points.  The AW agreed with new weight-at-age estimates presented 
by the DW.  It was noted that the female weights-at-age used in the VPA 2 Box model shows 
strikingly heavier fish at a given age in the Gulf than in the Atlantic resulting in a higher 
estimated fecundity at age. 

1.2.1.4. Indices 

NC TRIP TICKET INDEX 

It was noted that the SEDAR 5 version of the North Carolina trip ticket index was not 
appropriate for king mackerel since it was originally created for both Spanish and king mackerel.  
In addition, the method of selecting targeted trips was suspect, and it should be replaced with the 
updated version approved by the SEDAR 16 DW.  The updated index was accepted by the AW 
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panel for use in the base case Atlantic stock VPA2-Box assessment and initial runs of the SS3 
model.  The DW expressed concern about the effect of management regulations on the 
standardized index; however, year and season were included as factors in the model and may 
have accounted for some restrictions such as seasonal closures (quota closures and associated 
pre-closure trip limits). 

COMMERCIAL LOGBOOK INDEX 

Throughout the discussion, the complexity of the management regime surrounding king 
mackerel harvest was discussed.  The complex of stocks, with changing regulatory boundaries 
over the course of the year, changes in commercial trip limits in different areas and seasons, 
challenged the development of meaningful CPUE indices, especially for some highly constrained 
fisheries.   

There was concern over those trips on the east coast of Florida where it appeared that the 
trip limit was reached and boats could then go and fish for something else influencing the 
commercial logbook as an accurate index of abundance.  It was noted that targeting was a factor 
in the model.  There was also discussion on the influence of trip limits varying by time and 
region on the overall index.  Regulations sometimes cause boats to move into areas that allow 
larger trip limits.  However, this is taken into account in the analysis as long as the fisherman 
accurately records where they were fishing in the log book.  A combination of area and trip limit 
was also examined to determine if the trip limit was reached.  It was determined that for some of 
the lowest trip limits, there was an indication of differing responses by the harvesters.  However, 
for more liberal limits, the trip length was the major factor that was determined – i.e. there was 
little indication from the logbook data that vessels were changing target species.  Therefore, the 
AW recommended that further analyses be conducted in this area, and that the most restrictive of 
the trip limits not be considered in the development of the final indices, where trip limits could 
influence the final index, based on those analyses.  

For the commercial logbook index, vessels were selected by number of years that they 
reported landings.  Those vessels that landed king mackerel for 14 years were ordered by 
landings, and only those vessels that accounted for 80% of the catch overall were included in the 
analysis.  To accommodate regulatory measures, data during two closed periods was excluded. 

The SS3 model can have only one index associated with each fleet in the model.  Given 
this constraint, only one index can be applied to a given fishery for the SS3 model.  The AW had 
to choose between using either the commercial logbook index or the North Carolina trip ticket 
index in the SS3 model.   

There was a large difference between the nominal and standardized commercial logbook 
index in the SA region.  The AW believed that these reflected a change from voluntary to 
mandatory reporting requirements in 1998.  The analysts were not able to entirely remove this 
influence from the index, so AW group considered using the North Carolina trip ticket generated 
indices instead of the logbook index.   
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The pros and cons of both the North Carolina trip ticket index and the commercial 
logbook index were discussed: 

 
NORTH CAROLINA TRIP TICKET INDEX 
Pros Cons 

• Few reporting issues 
• Slightly shorter time series than 

logbook(1994-2006) 
• Most likely reflects what is going 

on in the rest of the SA • Trip duration difficult to determine 
• Gear actually used to harvest mackerel is 

sometimes unclear 
• Lacks information on the time spent fishing 

(Only measure of effort is the trip) 
• Difficult to determine when multiple trips 

were recorded on one ticket 
• Charter boats that sell their catch are hard to 

identify. 
• Restricted to NC (lacks coverage of SA) 

COMMERCIAL LOGBOOK INDEX 
Pros Cons 
• Better measure of effort (hours 

fished vs. trip) 
• Appears to be a vessel reporting effect that 

greatly alters the resulting index 
• Greater area of coverage (entire SA 

region vs. only NC) 
• One additional year of data (1993-

2006) 
 

Ultimately, the AW decided to use the logbook data for the GOM no-mixing zone and the 
mixing zone, but to use the North Carolina trip ticket index for the SA no-mixing zone.  The 
commercial logbook index was proposed as a potential sensitivity run for the SA region. 

MRFSS 

The AW investigated whether the bag limit may affect the ability of the MRFSS index to 
reflect trends in abundance.  Bag limits did not appear to affect fishing behavior as fishermen 
frequently exceed the bag limit.  It was noted that trips where it appeared that bag limits were 
exceeded may not be accounting for the captain and crew on the boat.  However, it was noted 
that the MRFSS index includes both private and charter boats (private boats do not have captain 
and crew).  It was also noted that the behavior of fishermen in the headboat and MRFSS fisheries 
are different, therefore discards should be treated differently in each fishery.  It was also noted 
that CPUE may be influenced by people continuing to fish (catch and release) after they have 
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caught their limit.  However, it was pointed out that the MRFSS index is one of the only indices 
that include discards.  The general consensus of the AW was to include the MRFSS index in base 
models for VPA and SS3.   

There was concern over the large variability in the MRFSS index for the SA.  It was 
pointed out that only the intercept data were used to develop this index which is different from 
calculating catch estimates which include the phone surveys.  It was also pointed out that trips 
were selected in such a way that only those targeting species associated with the catch of king 
mackerel were included. 

HEADBOAT 

The AW recommended using the headboat index for the base model, but asked that data 
collected during closed seasons be excluded. 

FALL PLANKTON SURVEY (GOM) 

Fall plankton survey (also referred to as the SEAMAP ichthyoplankton survey) was used 
as an indicator of spawning stock biomass (SSB) for the GOM stock.  Hurricane activity 
disrupted sampling, so there are some missing data points in the survey index.  For the SS3 
model, there was some discussion as to whether it should be used as an SSB or age-0 index.  It 
was agreed to use the fall plankton survey as an index of SSB for the SS3 model as long as it was 
applied only to the Gulf spawning stock.  However, it was pointed out that the SSB applies to all 
regions in the SS3 model.  It was suggested that it could be called its own “fleet” as a way to 
work around this issue and assign it only to the GOM.  Within the final base case VPA2BOX 
model runs, this survey was used as an index of SSB for the Gulf stock. 

SHRIMP BYCATCH INDEX (GOM) 

The shrimp bycatch index comes from observer coverage data in the GOM.  This index 
was included in the continuity run and applied to age-0 fish, but it was not included in the SS3 
model or the base run VPA.  It was noted that the shrimp bycatch index shares the same trend 
seen in the fishery independent data. 

SMALL PELAGICS TRAWL SURVEY (GOM) 

In agreement with the DW recommendation, the AW decided not to use the small pelagic 
trawl survey from the GOM.  Several sampling methodologies were used in an effort to 
determine the most effective way to sample.  The survey has only been standardized since 2004, 
which results in only three data points for the model.  The AW felt this was too short of a time 
series to use at this time, but that it would be useful in the future. 
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SOUTH ATLANTIC SHARK GILL NET INDEX 

The AW agreed with the DW’s recommendation not to use the South Atlantic shark gill 
net index because the number of drift gill net vessels in the shark fishery has decreased ,few trips 
were observed each year, the survey only had a small area of coverage, and changes in target 
species may have occurred .  In addition, gill nets only make up a small percentage of the overall 
king mackerel landings in recent years. 

SEAMAP SHALLOW WATER TRAWL (SA) 

The SEAMAP shallow water trawl survey was used as an index of age-1 abundance for 
the SA stock under SEDAR 5.  However, most of the king mackerel caught during this trawl 
survey were 40 to 430 mm FL (S16-DW-9) and the SEDAR 16 DW recommended it as an index 
for age-0 king mackerel.  This is the only index for ages 0 or 1 available for the SA.  It was noted 
that there was a high degree of variability prior to 2001.  As recommended by the current DW, 
the AW decided to use the index for mid age-0 king mackerel for both the VPA and SS3 models. 

SEAMAP GROUNDFISH SURVEY (GOM) 

 The first data point in the SEAMAP groundfish survey index was called into question, 
since it appeared much higher than the rest of the index values.  It was determined that there was 
no reason to exclude that year of data, so it remained in the index.  Year-specific CV values are 
used in the SS3 model and can also be used in the VPA.  The AW decided to include the 
SEAMAP groundfish survey as an index of GOM age-0 abundance. 

 

1.2.2 Discussion and Critique of Each Model Considered 

1.2.2.1. Continuity Case 

The AW requested an updated “continuity” run using updated input data.  This was not 
completed during the workshop because the effort needed to develop the catch-at-age using the 
revised MRFSS estimates was considerable.  The analyst did note however, that it would not be 
possible to do a strict continuity run as some of the data accuracy has been improved (i.e., 
indices have been updated, errors in the catch at age have been corrected, and the terminal F 
vector was different). 

1.2.2.2. VPA vs. SS3 

The SEDAR5 assessment and review workshop panels recommended moving from the 
VPA models of Atlantic and Gulf king mackerel to a three area statistical model as indicated by 
the following quote from page 7 of the SEDAR5 Review Workshop Consensus Summary: 
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“RW Panel agreed with the authors that a three-area assessment model would be more appropriate.  A 
three-area model would allow examination of the mixing zone as a separate area with intermixing of king 
mackerel restricted only to that area.  Assessment at a finer spatial resolution, however, is constrained by 
the sample sizes for statistically based catch per unit effort indices and age-length data.  The RW Panel 
recommended that stock assessment methods that estimate fishing mortality for the oldest age class in 
each year back in time be evaluated as an alternative to the current VPA model.  The current assessment 
is based on a model which estimates F in the last data year and uses a fixed F-ratio between age 9 and 10 
to obtain F at age and year for those cohorts that are not represented in the last data year.  Also, methods 
that do not assume that catch at age is known with 100% precision, like ICA, or AMCI could be tried.  
These methods have the advantage that they are more stable over time, especially regarding the historical 
stock number and F estimation for cases like the king mackerel where F is not much higher than M.” 

VPA’s remain a popular stock assessment technique, in part because of their long history 
and relative simplicity (reducing the chance of implementation errors), but also because they 
have many fewer estimable parameters and reach a solution much faster than their more 
sophisticated statistical counterparts (making them more tractable for meeting settings).  Some 
investigators also find it advantageous that tuned VPA’s place no restrictions on the degree to 
which the fishing mortality rate may vary from year to year and age to age.  The primary 
drawback to VPA is its assumption that the catch of each age class in each year is known without 
error.  When this assumption is not met, statistical catch at age models (which limit the extent to 
which the vulnerability of each age class can vary from year to year) often produce more reliable 
estimates of fishing mortality and stock abundance.  Moreover, statistical catch at age models 
(such as Stock Synthesis) are more flexible than VPAs in that they can directly accommodate 
more types of data (e.g., catch at size) as well as missing data. VPA, on the other hand, requires a 
complete catch at age matrix, which may necessitate making somewhat arbitrary substitutions for 
some years. Finally, the most advanced VPAs currently in use can only accommodate two 
migratory units in two areas, whereas the stock synthesis model is able to accommodate a third 
area that represents the so called mixing zone.  In summary, the Stock Synthesis model is 
capable of representing the two migratory units of king mackerel more realistically than the 2-
area VPA and better accommodates the uncertainty in the observed catch at age data.  However, 
the Stock Synthesis model is far more difficult to implement and requires more careful attention 
to diagnostics.  

1.2.2.3. VPA Base 

INITIAL RUNS 

The AW recommended that the catch at age for the VPA should include discards.   
A separate catch at age will need to be reconstructed for each different mixing scenario 

considered.  The AW recommended configuring a version of the VPA that is as close to the SS3 
model as possible using a 50:50 mixing ratio.  In addition, the VPA uses the same indices as SS3 
including the NC trip ticket index for the SA because the concerns over the commercial logbook 
index were never resolved. 
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The AW recommended constraining fluctuations in selectivity and recruitment by 
applying a “patch” where the recruitment estimates for the last two years of data (2005 and 2006) 
are replaced by recruitment as estimated by the spawner/recruit function.  The rationale for the 
application of this adjustment is that the only information on recruitment in these last years of the 
assessment is derived from indices of juveniles that have not yet been recruited to the directed 
fisheries.  Therefore these estimates are based on less information than is available for other 
cohorts in the assessment.  Base runs with and without this “patch” were run as a measure of 
sensitivity of the VPA to the inclusion of these data.   

Partial catches were fit using methods of Butterworth and Geromont (1999) so that 
selectivity within each fishery and each index remained constant over entire time period 

Fits of fishery-independent indices to predicted values in the VPA were poor compared to 
fishery-dependent indices.  This could be an issue over a long time range, since fishery-
dependent indices would be more likely to be influenced by changes in regulations, gear 
efficiency, and other factors that could affect catchability over the time range.  Fishery-
independent indices, on the other hand, are intended to be samples drawn consistently over the 
range of years for which that index is available, and more amenable to statistical procedures such 
as GLM when inconsistencies arise in those procedures.  

Due to the relatively poor fits of the fishery-independent indices, the analysts and the AW 
examined several methods to re-weight the indices (SEDAR 16-AW-09).  Along with weighting 
the indices with the coefficient of variation from the index standardization, additional variance 
was added using a variety of different methods.  While the AW recognizes that this does not 
represent a complete suite of methods, it does provide some information regarding the influence 
of these parameters on the outcomes of the VPA.  The AW and analysts examined the use of a 
method of weighting such that the mean value of the year-specific GLM estimate of the variance 
plus the added variance was approximately equal for all indices.  This had the effect of 
improving fits for fishery-independent indices, at the expense of fishery-dependent indices, 
especially the commercial index which had a different trend from other indices, most notably in 
the last years of the assessment.  However, it did have the effect of estimating very high terminal 
F in the GOM stock due to the high estimated shrimp trawl bycatch in 2005, which was not 
interpreted as a strong year-class due to the lack of harvest data later in the history of the cohort 
under this scenario.  The Panel chose to accept the use of added variance terms that were added 
to each of the indices so that the overall variance associated with each index was a similar 
magnitude (SEDAR16-AW-09). 

The group discussed how terminal F should be defined for determining the overfishing 
status of the two migratory groups.  The use of F2006 for estimating terminal F was done in the 
original meeting and at a point when we were still hopeful that the SS3 model could be fully 
developed.  The uncertainty of terminal values in the VPA model make an average of the last 
few years more appropriate, since the estimates in the last year are driven much more by the 
estimates of the indices, which do not fit well in this fishery. 
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1.2.2.4. Stock Synthesis 3 

INITIAL RUNS 

Initially, it was thought that the SS3 model got to the last phase and hit a boundary in the 
number of iterations so could not converge onto a final solution.  The AW recommended not 
using the SS3 model if the Hessian could not be inverted.  Upon further exploration of the issue 
by the assessment team, it was determined that the model was limited by the available memory 
of a 32-bit operating system (OS).  This portion of development of the SS3 will have to wait 
until the model can be run on a 64-bit OS. 
 The AW recommended that the SS3 model be reconfigured to accommodate applying 
SSB indices of abundance to specific areas (i.e. applying the SEAMAP fall plankton survey 
index to the GOM stock only).   
 It was noted that parameters of the model can be functions of environmental information.  
In future assessments it was recommended to investigate the relationship of temperature on 
migration patterns. 

While the final configuration of the SS3 model examined by the AW appeared to be 
performing well, it was clear that the interpretation of the stock-specific population parameters 
would all be conditional on the population parameters of the other stock co-occurring in the 
mixing zone in South Florida.  This created a conundrum on how to interpret the results and 
calculate separate management benchmarks for the two migratory groups.  For this reason, and 
the novelty of the approach (to king mackerel), the AW panel decided that it should pursue the 
VPA2BOX model during this SEDAR cycle and allow the analysts more time to explore how 
Council-pertinent management advice can be extracted from the SS3 model. 

The SS3 model had several augmentations in this version to incorporate differential 
growth rates, tag-recapture data (not used in the king mackerel assessment), separate population 
size composition from data sized composition.  It also is able to incorporate movement patterns 
that are specific to the natal region.  However, it still needs research into how to develop 
management benchmarks and to more efficiently incorporate uncertainty into the results. 

1.2.3 Preferred Model, Configuration, and Summary of Model Issues Discussed 

At this point, the VPA model using one per stock, with an initial estimate of 50% 
contribution from each stock into the mixing zone seems to be the most appropriate to move 
forward within the short term.  However, the AW saw substantial benefits in the use of the SS3 
model structure, due to its ability to accept a wide variety of input information, to allow 
uncertainty in harvest and index information, and to allow for missing years of data. 

The use of a model such as the Stock Synthesis model presented in the AW has long-term 
benefits.  This could be a benefit in future assessments, or if issues regarding the ability to 
provide estimates of variation around deterministic results and to provide management advice 
from the SS3 could be resolved.  At the time of the AW meeting, such abilities were still not 
available. 
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1.2.4 Recommended Parameter Estimates 

Given the time constraints of this assessment process, the Panel did not have time to discuss and 
formally recommend parameter estimates.  Please see Section 3. Model Documentation for 
estimates. 

1.2.5 Evaluation of Uncertainty and Model Precision 

Given the time constraints of this assessment process, the Panel did not have time to discuss 
these issues. 

1.2.6 Discussion of YPR, SPR, Stock-Recruitment 

Much of the AW was focused on the methods to be used for development of the base 
case (VPA or SS3), and on the indices to be used as inputs.  As such, little time was available to 
evaluate YPR parameters.  The outputs from the continuity and base runs are the only 
information available for comparison on this topic.   

The fishing mortality rate that produces 30% SPR in the long run is the overfishing 
benchmark accepted by both Councils under current management.   

The SEDAR 5 assessment approach utilized a two-line-segment spawner-recruit curve 
with a segment extending from the origin to a point whose x.y coordinates were defined as the 
mean of the five lowest SSB values and the arithmetic mean of the recruitment series, 
respectively.  Recruitment at higher SSB levels was equal to the arithmetic mean.  In this 
assessment, the spawner recruit relation was formulated as a Beverton-Holt curve with a 
steepness equal to 0.95 and maximum recruitment at the geometric mean of the recruitment 
series.  This change was justified because the segmented spawner-recruit curve indicated that 
recruitment was not sustainable even at low F levels on the Atlantic coast. 

1.2.7 Recommended SFA Parameters and Management Criteria 

The SFA parameters and management criteria are provided below in Section 3: Model 
Documentation (Tables 3.23 and Figures 3.42 and 3.43). 

1.2.8 Status of Stock Declarations 

The Gulf of Mexico migratory group of king mackerel is not overfished and overfishing is not 
occurring.  The South Atlantic migratory group of king mackerel is also not overfished however 
there is some indication that a small amount of overfishing may be occurring (see Section 3 for 
further discussion). 

1.2.9 Recommended ABC 

These estimates were not provided in time for the Panel to discuss them. 
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1.2.10 Discussion of Stock Projections 

Projections were run both with projected recruitment based on the S/R relationship and 
retaining the estimates for 2005-06, and by replacing the last two years of recruitment estimates 
with B-H predicted values.  The Beverton-Holt model was fit to estimated recruitment with a 
steepness value of 0.95. 

It should be noted that estimated recruitment for the GOM stock has been among the 
highest recorded over the last several years.  However, for projections beyond the time period 
when these cohorts will be exposed to the fishery, and after they are major contributors to the 
spawning stock, the  projections would show a decline in stock size, as cohorts of the geometric 
mean of historical recruitment enter and move through the fishery.  This means that estimates of 
stock status in 2006 will not be the same as for those several years into the future, if current 
harvests are maintained.  Note that if harvest rates are maintained, then projections would be less 
subject to variation in status, but implementing such a constant-F strategy would be difficult.  

1.2.11 Management Evaluation 

Given the time constraints of this assessment process, the Panel did not have time to discuss 
these issues. 

1.2.12 Research Recommendations 

PROGRESS ON RESEARCH AND MONITORING RECOMMENDED BY SEDAR 5: 

The SS3 model was attempted to address the recommendation from SEDAR 5 to use a three-
area age structured model with forward projection to better estimate the stock status while 
accounting for the population dynamics occurring in the mixing zone.  In addition, the SS3 
model was also an attempt to address the SEDAR 5 recommendation to account for errors in the 
calculation of the catch at age matrix.  Unlike the VPA, which assumes the catch-at-age matrix is 
computed without error, the SS3 model does not use a catch-at-age matrix.  Instead, it uses age 
and length composition data to determine age/size structure.  However, ultimately the SS3 model 
was not selected as the preferred model because of several limitations (see section 1.2.2.4 for 
details). 

The von Bertalanffy growth parameters by sex for both the GOM and SA migratory groups 
were improved.  In addition, new data was incorporated  into the age-length key that included a 
significant number of age 0 and 1 fish collected from fishery independent serves to help address 
the selectivity issues of fishery depended samples subject to size limits.  

 
RESEARCH RECOMMENDATIONS FROM SEDAR 16 

1. Increase observer coverage in the South Atlantic shrimp fishery to get a more accurate 
representation of king mackerel discard rates.   
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2. Increase commercial sampling of king mackerel in North Carolina, especially for the gill 
net fishery in the northeast region. 

3. Determine whether separate stocks exist in the eastern and western portions of the GOM.   

4. Determine the relationship of king mackerel off the coast of Mexico with U.S. king 
mackerel stocks.  Given the magnitude of king mackerel landings off the coast of 
Mexico, this could have a large impact on the Gulf of Mexico king mackerel fishery in 
US waters.  It could also provide a more complete evaluation of parameters such as stock 
size, for some or all migratory groups.  Other fisheries may also be significant, such as 
any Cuban fisheries on the stocks. 

5. Obtain detailed commercial and recreational landings information, discard information, 
and biological samples (age, length, weight, sex, fecundity, etc.) from king mackerel off 
the coast of Mexico if US king mackerel stocks are found to intermix with Mexican 
stocks. 

6. Continue or begin research programs that conduct tagging studies, otolith microchemistry 
and shape analysis studies, and gather microsatellite genetic marker data to determine 
mixing rates of king mackerel off of south Florida during the winter months.  A longer 
time series documenting stock composition data in the mixing zone is needed to increase 
the accuracy of the SS3 model.   

7. Continued evaluation of tag data, ongoing otolith microchemistry and shape analysis 
studies, and microsatellite genetic marker data to improve estimation of stock structure 
and mixing proportions. 

8. Investigate a method for correcting the reporting bias associated with the commercial 
logbook index for the South Atlantic. 

9. Improve the SS3 model so that it allows for uncertainty in the landings and does not 
require that estimated landings match the input landings data exactly (e.g., incorporate 
CV estimates from MRFSS landings), the Hessian can be inverted, estimates of 
uncertainty can be provided, and stock-specific management benchmarks can be 
produced. 

10. Investigate differences in total headrope lengths of nets, along with other possible 
estimates of fishing power per vessel, in the function used to estimate shrimp bycatch and 
consider these in the GLM analysis. 
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1.2.14 Assessment Workshop Panel Figures and Tables 
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Figure 1.1.  SEAMAP shallow water trawl index of king mackerel age-1 abundance in the South 
Atlantic region (The solid red line represents estimates from SEDAR 5.  The blue line with 
diamonds represents updated data for SEDAR 16). 

Figure 1.2.  Percent of total catch that are undersized, based on the regulations in effect during 
the time period and area. 
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2. DATA REVIEW AND UPDATE  

Inputs to the VPAs are discussed in Section 3 for each model. 

3. STOCK ASSESSMENT MODELS AND RESULTS 

The Virtual Population Analysis (VPA) results described in this document provide an update of 
the previous Gulf king mackerel and Atlantic king mackerel stock assessments (SEDAR5). They 
represent several analyses including a “Continuity Case” - maintaining the modeling approach, 
major assumptions and treatment of the input data from SEDAR5 while updating the time-series 
- as well as other analyses conducted following the decisions made by the SEDAR 16 
Assessment Workshop.  

 

3.1. MODEL 1 – “CONTINUITY CASE” 

3.1.1. Methods 

See Section 3.1.1.3 

3.1.1.1. Overview  

The “Continuity Case” is intended to demonstrate the effect of updated data inputs in isolation 
by maintaining continuity in the modeling approach, major assumptions and treatment of the 
input data while updating the time-series. 

The “Continuity Case” used the software program VPA-2BOX ver. 3.0.5 May 2004 (Porch, 
2003), based on the same algorithms as the FADAPT framework. This version of VPA-2BOX is 
included in the NOAA Fisheries Toolbox package (NFT). To ensure continuity, Atlantic and 
Gulf “continuity runs” were run using both FADAPT and VPA-2BOX with the same inputs and 
model specifications; both programs provided identical solutions and results1.  

3.1.1.2. Data Sources 

The data sources and model settings used for the “Continuity Case” are summarized in Table 
3.1.  

 

 

 

                                                 
1 S.L. Cass‐Calay, pers. comm. NOAA Fisheries, Southeast Fisheries Science Center, 75 Virginia Beach Drive, Miami, 
FL, 33149. Shannon.Calay@noaa.gov. 
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Table 3.1. Model settings and inputs used to construct the “Continuity Case”. 

Settings/Input Series Continuity Case 

Stock Definitions 

Catches and indices calculated according to the current migratory 
stock definition:   
     ATL stock - US Atlantic north of Volusia County, FL during Nov 
– Mar, Monroe County FL and northward during Apr– Oct.  
     GOM stock -  US Gulf of Mexico from Texas to Collier County, 
FL during Apr - Oct and to Volusia County, FL during Nov- Mar. 

Fishing Year 
Like SEDAR5, catch and Indices estimated using “fishing year” 
definitions.  ATL stock - April - March and GOM stock - July - June 

Directed 
Landings/Discards 

Like SEDAR5, only retained catch (AB1) for recreational fisheries. 
No recreational or commercial discards. Used updated series. Data 
start in 1981. 

Shrimp Bycatch Used “GLM5A” estimates developed by SEFSC (5/2008) to replicate 
SEDAR 5 estimation procedure. 

Catch-at-age 
Age length keys were developed using SEDAR5 methods and inputs, 
including the von Bertalanffy growth parameters and sex-at-size 
ratios (1985-1998, using 1998 sex ratios for all subsequent years).  

Weight-at-Age Same vector of weight at age as used in SEDAR5. 

Indices of Abundance 
Used same indices selected for SEDAR5 assessment. In general, used 
identical methods to update indices through 2006. 

Index weighting 
Maximum likelihood weighting with the model giving more weight 
to the indices that fit better 

Natural Mortality 
Like SEDAR5, constant natural mortality rate M: 0.20 for GOM 
king, and 0.15 for ATL king 

Terminal Year F-at-age 
Like SEDAR5, F0,2006 and F1,2006 were fixed relative to the estimated 
F2,2006 using ratios derived from a separable VPA (2000-2006). 

Annual F-Ratio 
Like SEDAR5, for each year F10 : F11+ was fixed at 1.0. This implies 
that the fishing mortality rate on the plus group is equal to the fishing 
mortality rate on age 10.  

 

The biological functions used during the continuity runs are summarized in Table 3.2.  
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Table 3.2. Values of natural mortality, weight, maturity and fecundity, by age, used for the F-
ADAPT and VPA2-BOX continuity cases.  

 Natural Mortality Weight-at-age (kg) Proportion Mature Fecundity  
(millions of eggs) 

Age Atlantic Gulf Atlantic Gulf Atlantic Gulf Atlantic Gulf 
0 NA 0.20 NA 0.469 NA 0.000 NA 0.024 
1 0.15 0.20 1.263 1.123 0.548 0.157 0.155 0.093 
2 0.15 0.20 1.853 2.005 0.861 0.529 0.266 0.229 
3 0.15 0.20 2.486 3.037 0.924 0.704 0.406 0.437 
4 0.15 0.20 3.131 4.144 0.948 0.856 0.570 0.714 
5 0.15 0.20 3.767 5.266 0.970 0.989 0.753 1.048 
6 0.15 0.20 4.379 6.364 0.989 1.000 0.947 1.425 
7 0.15 0.20 4.955 7.412 1.000 1.000 1.149 1.829 
8 0.15 0.20 5.493 8.319 1.000 1.000 1.352 2.247 
9 0.15 0.20 5.986 9.285 1.000 1.000 1.553 2.667 

10 0.15 0.20 6.437 10.106 1.000 1.000 1.748 3.079 
11+ 0.15 0.20 7.213 14.061 1.000 1.000 2.367 4.312 

 

VPA models assume that the catch-at-age matrix is known without error. The catch-at age of the 
Atlantic and Gulf king mackerel stocks are summarized in Tables 3.3 and 3.4.  

Table 3.3. Catch-at-age (in numbers) for Atlantic king mackerel. 

 

YEAR Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8 Age 9 Age 10 Age 11+
1981 13633 60292 64301 115145 103317 108451 73666 105276 33917 26758 62377
1982 5714 11390 12672 56607 105516 149445 164766 93819 66322 52740 139537
1983 10107 34123 77181 100404 77042 123668 119771 143300 26963 22815 154643
1984 14436 8122 14189 61017 98677 142380 132547 86039 38250 25693 165583
1985 24876 117534 98381 34598 104993 96583 95992 226992 72032 17100 151460
1986 41651 74224 84850 119231 109629 85963 89693 122968 69290 18710 139633
1987 139373 190407 107954 102628 85981 62012 23146 57059 22207 11296 87717
1988 13984 161467 215515 126776 39802 41599 56414 26770 72153 22908 119144
1989 47211 65847 109443 97248 72683 57630 36024 26306 18930 62683 69582
1990 104520 109594 75043 96099 89306 70740 34816 20443 34883 20312 93730
1991 50499 257111 116424 62895 114734 110663 51756 50281 15859 9644 93896
1992 39018 178061 296388 87737 59266 56119 63462 28159 21040 18605 91410
1993 23860 60187 99594 119137 46862 35100 43097 53454 26999 20922 64370
1994 43688 107423 50982 88866 106194 52253 29640 26850 38609 22912 40151
1995 67840 135257 73517 53233 64394 97460 30395 21769 28134 26553 45073
1996 27824 151179 103183 96631 66290 56098 89073 24950 22042 17625 42221
1997 61760 224676 137777 95705 59664 37643 52940 58536 23437 8125 48245
1998 26937 127272 171902 123827 74526 43181 23701 44701 49382 6554 33263
1999 47057 77797 114833 140694 75671 41986 18563 18441 26981 27383 20102
2000 3514 221176 101921 164524 112157 48038 19355 10049 12291 28013 51288
2001 6186 50087 118696 77489 100201 59327 30521 14599 7702 10724 55201
2002 31876 51885 61041 117858 42919 60948 27496 20975 8422 2909 24888
2003 9044 154403 59793 86378 133868 44167 64272 33181 12678 4536 21211
2004 34120 100410 160553 56787 77178 107648 23057 45242 16173 9092 19734
2005 1348 14216 55614 132452 146374 90724 29504 62240 23739 6899 87596
2006 9812 116468 239978 94117 142335 20824 15408 45739 5070 19054 31344

Directed Landings
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Table 3.4. Catch-at-age (in numbers) for Gulf king mackerel.  

Shrimp 
Bycatch

YEAR Age 0 Age 0 Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8 Age 9 Age 10 Age 11+
1981 356108 0 50391 51144 44216 428392 235791 58227 44287 14226 7592 5313 13224
1982 331288 166067 9751 65542 213621 183622 342467 90285 41535 59907 13264 8775 76533
1983 310101 2600 9492 102918 270109 166061 61699 49021 31031 14305 4842 4591 14124
1984 470246 0 45182 20807 65611 321113 132349 52595 49778 19269 7931 1839 7575
1985 446584 0 13780 26514 66748 174752 123953 82498 39552 10389 7883 3631 11343
1986 311207 14755 55424 199470 131558 49015 69622 43597 21738 10296 5791 2728 10582
1987 712826 1339 27999 88899 150090 42995 57142 24914 7896 5849 8188 2199 4030
1988 504022 816 26809 46062 65727 160053 165593 60909 56677 23474 8360 5715 27135
1989 1222068 1000 115989 173584 158141 76439 74613 32011 22098 16023 8270 4545 15044
1990 807398 13944 48125 121594 156996 205458 51404 46062 20264 25970 9920 2247 16769
1991 1005278 2353 194291 330533 161343 92990 64019 40349 20108 6748 23577 9135 15548
1992 501309 774 98619 188687 185921 268585 90605 82229 32308 16217 26182 25105 26988
1993 1093016 1664 119052 136072 173923 192614 142038 51479 55831 26792 8718 2156 41754
1994 954911 710 154107 120056 149738 231319 218676 79105 32614 59179 29152 13402 34138
1995 1083320 2069 69025 256263 185202 113355 84577 88213 50946 21487 10591 17292 25746
1996 554116 0 67438 343504 223813 116603 68726 53846 46779 46305 18078 3801 43262
1997 697331 0 63889 268686 322450 169135 97767 43695 44039 40715 27301 10220 21960
1998 655095 0 83169 140340 248661 218935 122437 58717 31486 34899 37082 13118 13660
1999 586793 0 89602 141263 143686 183899 106258 40667 29184 15502 27007 10294 16535
2000 720777 31135 68634 180731 208913 159734 104986 47014 42169 16518 21539 13697 29045
2001 567341 64 62547 153678 237624 153873 80419 61163 52343 35193 16943 7889 31707
2002 541081 8935 91720 291758 187809 169334 93531 57248 37102 30974 17279 10531 23627
2003 576742 221 35757 183522 159924 161309 117104 66227 32187 28545 21245 15620 21922
2004 1003087 47706 32313 266067 167754 135413 76242 64612 37046 14913 20558 11146 18631
2005 626742 46870 20772 189194 156244 193882 103584 60674 51177 36660 13223 13671 31881
2006 444788 0 31992 209801 271108 251255 134308 77371 45797 36122 16240 9040 29043

Directed Landings

 

 

The Atlantic continuity runs used 5 indices of abundance (Table 3.5) to tune the VPA estimates, 
while the Gulf run used 9 (Table 3.6). For the Gulf continuity run, 3 indices used by the previous 
SEDAR5 panel could not be updated during the SEDAR16 data workshop: 1) the Texas Parks 
and Wildlife Department, 2) Charter Boat SW FL and 3) Charter Boat NW FL indices. Thus, 
these are included unchanged from the estimates provided for SEDAR5. It should also be noted 
that the index CVs were not used directly in the model instead the index variances were 
estimated using a concentrated maximum likelihood procedure. 
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Table. 3.5. Indices of abundance and index settings used for the Atlantic continuity runs. 

 

Type of Index

Unit

Applied to Ages

Index Timing

YEAR STDCPUE CV STDCPUE CV STDCPUE CV STDCPUE CV STDCPUE CV

1981 1.010 0.545 0.912 0.308

1982 1.386 0.452 0.788 0.297

1983 1.350 0.469 0.845 0.278

1984 1.275 0.453 0.969 0.265

1985 1.374 0.474 0.564 0.286

1986 1.912 0.410 0.761 0.273 1.024 0.007

1987 1.269 0.417 1.287 0.259 0.986 0.007

1988 0.952 0.409 0.869 0.281 1.169 0.007

1989 0.748 0.411 0.624 0.292 1.030 0.008 0.807 0.212

1990 1.171 0.410 0.744 0.277 0.927 0.008 2.377 0.158

1991 1.089 0.403 1.545 0.250 0.898 0.007 0.704 0.222

1992 1.112 0.399 1.407 0.245 0.833 0.008 0.843 0.241

1993 0.640 0.414 0.844 0.261 0.850 0.007 0.446 0.247

1994 0.551 0.412 1.041 0.257 0.700 0.068 0.832 0.008 0.708 0.232

1995 0.658 0.406 0.935 0.257 0.744 0.073 0.780 0.008 1.226 0.198

1996 0.768 0.402 0.626 0.275 1.125 0.069 0.965 0.007 2.261 0.168

1997 0.993 0.401 1.129 0.261 1.033 0.060 0.970 0.007 0.519 0.240

1998 0.891 0.399 0.911 0.269 1.056 0.060 0.981 0.007 1.786 0.200

1999 0.824 0.401 1.163 0.262 0.969 0.061 0.992 0.007 1.213 0.184

2000 1.037 0.395 1.852 0.250 0.986 0.059 0.863 0.007 0.816 0.221

2001 0.592 0.401 1.215 0.267 1.044 0.057 0.905 0.007 0.448 0.234

2002 0.722 0.400 0.979 0.273 0.907 0.069 0.826 0.008 0.506 0.211

2003 0.750 0.403 0.838 0.280 0.879 0.073 1.093 0.007 0.989 0.196

2004 0.987 0.398 0.715 0.279 1.292 0.058 1.294 0.007 0.619 0.357

2005 0.999 0.399 1.200 0.271 1.206 0.063 0.974 0.007 0.726 0.493

2006 0.939 0.406 1.238 0.269 1.058 0.066 1.463 0.007 1.006 0.221

Beginning‐Year Mid‐YearMid‐Year Mid‐Year Mid‐Year

Ages 2‐8 Age 1

Biomass Numbers

Ages 2‐11 Ages 1‐8 Ages 2‐11

Numbers Numbers Biomass

Fish. Dep. COM Fish. Independent

Trip Ticket Cont‐ FL 
Atl Coast

SEAMAP S. Atl 
Trawl Survey

Fish. Dep. REC Fish. Dep. REC Fish. Dep. COM

MRFSS‐ATL HB‐Atl. Migratory
Trip Ticket ‐ NC 

PIDs 8+
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Table 3.6. Indices of abundance and index settings used for the Gulf continuity runs. 

 

Type of Index

Unit
Applied to Ages

Index Timing

YEAR STDCPUE CV STDCPUE CV STDCPUE CV STDCPUE CV STDCPUE CV

1981 0.6701 0.4054 1.4620 0.3280 0.1461 0.7878

1982 0.3601 0.4031 0.8650 0.3400 0.0728 0.8595

1983 0.8004 0.3596 1.9420 0.3040

1984 0.4173 0.4014 0.6200 0.3510 0.3705 0.5106

1985 0.4266 0.3887 0.4450 0.2990 0.2524 0.5094

1986 0.4539 0.3196 0.4890 0.2520 0.7862 0.0520 0.3850 0.0220 0.1012 0.7533

1987 1.0693 0.2858 0.3240 0.2860 0.5480 0.0370 0.5900 0.0170 0.4624 0.4676

1988 0.6765 0.2985 0.3790 0.2770 0.5228 0.0250 0.8170 0.0220 0.4709 0.4312

1989 0.9378 0.3050 0.6120 0.2540 0.3663 0.0480 0.7640 0.0140 1.2882 0.4062

1990 1.2820 0.2862 0.5040 0.2640 0.5460 0.0300 1.0000 0.0120 1.0238 0.3660

1991 1.1803 0.2777 0.7970 0.2420 0.5480 0.0230 1.0180 0.0130 1.1284 0.4051

1992 1.2209 0.2655 1.0280 0.2340 0.7508 0.0190 2.3680 0.0100 0.4203 0.3282

1993 1.1378 0.2725 1.2300 0.2300 0.6529 0.0240 1.0630 0.0120 1.4018 0.2405

1994 1.4390 0.2630 1.1170 0.2270 0.8073 0.0140 0.6630 0.0170 1.3633 0.3091

1995 0.9981 0.2849 1.0780 0.2370 0.7973 0.0180 0.9420 0.0140 1.8245 0.3122

1996 1.3496 0.2708 1.6730 0.2240 1.4482 0.0090 1.1060 0.0110 0.6279 0.3962

1997 1.6397 0.2590 1.3170 0.2260 1.9023 0.0080 0.9300 0.0130 0.8419 0.3549

1998 0.9055 0.2646 1.0830 0.2310 1.2786 0.0120 1.0310 0.0160 0.7904 0.3766

1999 0.8820 0.2630 1.1270 0.2290 1.4734 0.0100 0.6520 0.0180 0.7383 0.3411

2000 1.1231 0.2558 0.9670 0.2350 1.2918 0.0110 1.1700 0.0160 0.8657 0.3540

2001 1.0189 0.2587 1.1520 0.2340 1.5663 0.0100 1.2440 0.0160 1.5748 0.3483

2002 1.3102 0.2531 1.1640 0.2310 1.2302 0.0130 0.8850 0.0190 0.7913 0.3835

2003 0.9135 0.2624 0.9610 0.2440 1.0829 0.0130 1.1300 0.0150 2.6647 0.3375

2004 1.0046 0.2598 1.0960 0.2400 1.0284 0.0180 0.8800 0.0190 3.0187 0.3379

2005 0.9180 0.2642 1.3780 0.2320 1.0718 0.0220 1.4070 0.0150 0.8233 0.4308

2006 1.8647 0.2703 1.1910 0.3000 1.3008 0.0140 0.9550 0.0190 1.9364 0.3381

MRFSS ‐ GULF HB‐Gulf Migratory

Fish. Dep. REC Fish. Dep. REC

Numbers Numbers

Trip Ticket Cont‐
Panhandle 

(Rescaled to 81‐06 
period)

Fish. Dep. COM

Weight

Trip Ticket Cont‐SW 
FL

Shrimp Bycatch 
(Rescaled to 81‐06 

period)

Fish. Dep. COM Fish. Dep. COM 

Weight Numbers

Ages 2‐8 Ages 2‐6 Ages 3‐6 Ages 3‐8 Ages: 0

Beginning‐Year Mid‐Year Mid‐Year Mid‐Year Beginning‐Year

*** Continues on next page *** 
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Table 3.6. – Continued.   

  SEAMAP Fall 
Plankton (Larval) 

Texas Parks and 
Wildlife Deparment 

Charter Boat SW 
FL 

Charter Boat NW 
FL 

Type of Index Fish. Independent Fish. Dep. REC Fish. Dep. REC Fish. Dep. REC 
Unit Numbers Numbers Numbers Numbers 

Applied to 
Ages SSB = Ages 1- 1+ Ages 2-8 Ages 3-8 Ages 2-6 

Index Timing Beginning-Year Beginning-Year Mid-Year Beginning-Year 
YEAR STDCPUE CV STDCPUE CV STDCPUE CV STDCPUE CV 
1981                 
1982                 
1983                 
1984                 
1985                 
1986 0.1160 0.5341 0.7439 0.2039         
1987 0.3788 0.3219 0.8695 0.2009         
1988 0.6130 0.4365 0.7834 0.1999 0.7913 0.0817 0.8929 0.1008 
1989 0.8450 0.3255 0.8733 0.1996 1.0462 0.0817 0.8819 0.0698 
1990 0.6480 0.3211 0.6760 0.2115 0.8940 0.0817 0.8803 0.0600 
1991 0.7212 0.3181 1.5325 0.1689 0.7323 0.0817 0.9510 0.0600 
1992 0.5960 0.2372 1.0679 0.2005 0.9435 0.0817 0.9989 0.0690 
1993 1.2505 0.1987 1.0339 0.1962 1.0652 0.0817 0.9305 0.0777 
1994 1.0500 0.2310 1.0788 0.1924 1.5274 0.0817 1.2008 0.0904 
1995 1.9787 0.1947 1.3004 0.1764     1.2637 0.1262 
1996 0.7407 0.2647 1.2896 0.1761         
1997 1.3597 0.2007 1.0468 0.2014         
1998     1.1751 0.1912         
1999 0.9198 0.2249 0.9473 0.2151         
2000 0.9219 0.2730 0.8052 0.2165         
2001 1.6424 0.2026 0.7764 0.2306         
2002 1.4511 0.2143             
2003 1.1027 0.2190             
2004 1.4780 0.2108             
2005                 
2006 1.1865 0.2533             

 

Selectivity (S) by age and year for each fisheries-dependent index was estimated using partial 
catches (CAA by year corresponding to each index of abundance). In the Atlantic , the lone 
fishery-independent index, the SEAMAP South Atlantic Trawl survey, was assumed to reflect 
the abundance of age-1 king mackerel (SEDAR16-Data Report). Therefore, for all years, S1was 
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fixed to 1.0 and S2-11+ were fixed to 0.0. For the two fisheries independent indices in the Gulf: 
the Shrimp Bycatch GLM was assumed to index age-0 king mackerel (S0was fixed to 1.0 and S1-

11+ were fixed to 0.0) and the SEAMAP Ichthyoplankton survey was assumed to index total egg 
production. For this index, the selectivity pattern was fixed at maturity*fecundity-at-age. The 
partial catches used to estimate selectivity for each fishery-dependent index are summarized in 
Tables 3.7 and 3.8. . Like the SEDAR5 FADAPT runs, the index selectivities were derived from 
the partial catches using the Powers and Restrepo (1992) method. This method allows index 
selectivity to vary by year and thus matches the partial catch-at-age exactly. 

Table 3.7. Partial catches at age (numbers) used in the Atlantic continuity model runs. 

Index Year Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8 Age 9 Age 10 Age 11+ 

N
C

 T
rip

 T
ic

ke
t 

 

1981 2523 5753 37972 8720 10270 1974 10370 777 1015 1972 2331 
1982 2090 4833 1895 11835 9100 15352 9014 18198 693 1823 37146 
1983 1028 2917 2923 4295 8721 11157 13269 16206 2207 6612 16181 
1984 321 886 1720 2523 2205 8074 10561 7582 7817 2192 17118 
1985 4961 1013 5314 5537 4779 5914 6907 15444 8167 3736 15751 
1986 9193 4033 7765 7622 15599 9773 13072 7374 7333 1427 21780 
1987 4474 9105 21346 20912 17805 12867 5897 12656 5070 2793 19392 
1988 507 9600 19454 14509 5770 5104 7116 2865 7633 2923 10412 
1989 4192 13050 17541 14518 10479 10841 7987 2694 3981 7059 5831 
1990 9516 22930 17466 23113 20275 16029 8663 3305 10077 4037 13561 
1991 2274 28790 20688 11414 20111 18367 6019 10143 1187 674 7996 
1992 1610 20254 46266 19150 9390 7122 7458 4604 2546 1772 6100 
1993 1852 7968 14498 18991 7968 5254 5067 5926 3409 2213 5450 
1994 1625 10200 5958 9888 15211 10202 8876 4606 8721 5395 10196 
1995 1637 7435 10120 8749 10174 17404 6879 4147 4226 4610 6370 
1996 2751 13304 19716 30155 26209 16138 21453 5301 3909 5097 4500 
1997 4601 22989 19846 16040 10454 6752 7781 9626 4900 1435 6652 
1998 1281 19723 37962 25485 18647 16383 5169 7069 7266 671 4754 
1999 5405 16368 23805 27311 15601 10586 4386 4313 4302 2591 2483 
2000 521 14459 11178 22630 15873 8939 3400 3105 2595 2703 6013 
2001 975 6412 13121 7972 12898 9059 7053 4433 2705 1475 11623 
2002 4039 8275 10596 17133 7176 12444 3886 4752 3350 519 5645 
2003 543 14502 6063 8159 12667 3950 6027 2646 1737 326 2576 
2004 9340 35177 35466 15359 17076 15513 1822 7917 849 404 3077 
2005 0 3686 12693 32169 28191 24729 503 14581 3809 2129 16207 
2006 987 21437 36868 14014 21720 6625 3157 5923 1006 3150 7836 

FL
 A

tl.
 T

rip
 

Ti
ck

et
 

1981 342 800 5973 25943 21588 39868 22145 17505 17899 10346 11885 
1982 556 507 1956 7669 22575 52990 47988 16824 34389 17579 26406 
1983 251 1825 10789 12868 4260 4641 6941 29416 3874 296 44106 
1984 0 807 674 8398 20058 9444 8798 25302 7242 4499 21631 
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1985 127 1582 1897 6895 18630 17800 25092 27639 5759 2781 30982 
1986 1397 1316 2574 6074 13236 20329 19055 15259 35341 2825 26993 
1987 14127 29753 25869 25716 23142 17538 6076 16505 6377 3146 25842 
1988 2115 41860 56207 33551 9079 11432 14558 7747 19603 6277 35064 
1989 6923 13679 26173 25001 19051 14359 7028 7451 4403 18657 22627 
1990 9574 17638 13397 16670 17319 15051 8048 5372 7351 4590 23175 
1991 7203 31084 15729 7505 16367 16554 9252 7332 2460 1310 15836 
1992 6950 25682 33819 8672 6593 5823 6212 3065 2377 1957 10700 
1993 5793 16385 29570 29005 8134 6846 7103 8694 4790 3911 7789 
1994 8141 21249 12423 21816 24513 10624 4869 5332 7304 4789 5608 
1995 3738 8387 8304 8427 11091 17666 6164 4460 6593 5300 8511 
1996 9734 49866 22834 17476 9968 9700 18156 5253 3819 1734 7039 
1997 11208 68953 28908 16801 9741 5100 8542 8473 2966 1113 6780 
1998 3566 20766 38457 26098 13662 5946 3588 8261 8654 1151 4264 
1999 6578 13987 24057 30078 16341 8309 3898 4070 6524 6824 4153 
2000 357 29704 17036 30740 20458 7696 3032 941 1519 4333 5400 
2001 1056 10599 29611 20257 23356 12799 3766 1891 1139 1814 5810 
2002 4329 9492 12644 26175 9386 12730 6326 4255 1377 612 5125 
2003 1111 25237 10635 16538 25530 8606 12337 6371 2269 785 4310 
2004 3852 19836 40530 13877 20757 32411 6493 11939 3402 1660 3447 
2005 734 2191 2468 14661 22937 10420 5040 10635 1962 11 34716 
2006 1469 18061 51973 22721 37676 4958 4143 15760 1609 6622 7123 

M
R

FS
S 

1981 5371 49101 10705 56691 54369 40899 36702 70637 12965 13679 38720 
1982 2549 5521 7267 27836 62698 71341 101516 47711 30698 33151 65588 
1983 7001 27747 62491 81083 58870 68564 86416 77906 19358 3531 67604 
1984 13396 5692 9707 47668 72299 121614 88307 51197 13391 17356 102662 
1985 17374 95832 68358 13992 61826 58590 45060 138752 49354 7451 76074 
1986 16699 45572 46055 73158 48525 30580 26737 39422 16372 3752 38950 
1987 101310 124805 44359 38662 29153 19722 6772 16420 6610 3119 25229 
1988 8208 75243 89929 48467 12821 13691 19490 9094 24946 7643 41670 
1989 22529 24004 39715 35076 25914 18614 9496 9097 5794 23752 24331 
1990 72038 50639 32698 40125 36498 27027 12334 8315 11580 8078 40151 
1991 25208 123036 48744 20747 39819 39081 22033 16198 7140 4739 39678 
1992 20688 88573 137772 35181 25787 25524 29174 11541 9190 8231 41499 
1993 11389 22958 38155 46844 18268 14695 21389 26975 12558 10049 37530 
1994 27247 57022 23071 40985 46895 21778 10423 12383 15602 8820 17154 
1995 54193 101452 45320 28449 33344 45785 12285 9220 12668 12094 19459 
1996 10191 61357 43193 34952 21829 21133 32870 10592 6652 5402 16110 
1997 30274 98037 65409 46184 29326 19983 27962 31281 10883 4411 27710 
1998 12969 55826 66436 49455 28099 13077 9595 18362 21754 3170 16720 
1999 27503 38667 57160 71451 36952 18947 8432 8273 13131 14899 10356 
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2000 2109 141405 60507 91714 61348 25036 10382 4815 6573 16840 28809 
2001 3533 28519 65908 42932 55789 32451 16737 6702 3353 6479 31695 
2002 21117 30288 33727 66261 23195 30953 15037 10240 3095 1514 11960 
2003 6290 101580 39689 57728 89063 29455 42474 22672 7638 3225 12896 
2004 18362 39129 76091 24433 34842 53402 13044 22336 10427 6134 11361 
2005 589 6389 30792 69833 83611 44127 22506 30175 14622 4175 30667 
2006 6607 69153 138245 52761 76251 8289 7362 22111 2147 8545 14443 

H
ea

db
oa

t 

1981 3654 46668 8337 52884 48887 39155 27001 59766 8657 11088 26911 
1982 1617 3433 4415 17035 18267 26012 17342 18012 6376 1125 23707 
1983 5894 19032 10755 14783 25412 31570 41114 41780 2934 1088 33380 
1984 2150 3656 6371 12863 28045 27464 44091 13995 12259 13727 37694 
1985 11609 78588 54013 6462 47103 48130 31688 134240 42792 5233 68933 
1986 299 1015 1639 2533 2355 3131 5152 3270 3027 1840 3780 
1987 3051 5549 4231 4125 3596 2418 710 1963 809 352 2624 
1988 270 3470 4532 3049 945 1192 1597 736 2118 615 3549 
1989 4599 3867 4092 3041 2006 1381 681 645 395 1709 1606 
1990 3446 5252 3110 3906 3459 2457 1104 689 885 567 2990 
1991 5606 17687 5284 1957 3389 2770 1373 915 277 169 1869 
1992 1521 5837 7360 1825 1358 1176 1272 569 394 319 1531 
1993 2045 4298 4346 4497 1318 1026 1084 1221 518 388 703 
1994 3830 7553 2653 3745 3491 1293 520 566 657 350 423 
1995 3036 4925 2245 1473 1784 2339 630 427 660 512 677 
1996 1313 8143 5626 4162 2675 2286 3541 1127 699 562 1443 
1997 2179 5781 2725 1929 1246 778 1220 1295 442 140 937 
1998 1407 4187 3895 2484 1301 549 348 786 764 100 351 
1999 3845 4841 3641 3297 1572 766 344 312 552 553 334 
2000 111 7811 2903 3890 2534 883 340 125 178 477 735 
2001 224 1654 3577 2174 2314 1126 407 169 96 129 546 
2002 1516 1880 1515 2829 938 1253 581 384 115 75 446 
2003 289 3374 955 1126 1631 469 611 303 108 44 154 
2004 964 2799 3472 992 1360 2071 431 790 278 158 294 
2005 4 823 3316 4338 3192 3077 1122 2254 779 429 2134 
2006 144 3376 6597 2229 3065 221 203 669 63 198 601 
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Table 3.8. Partial catches-at-age (numbers) used in the Gulf continuity model runs.  

Index Year Age 0 Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8 Age 9 Age 10 Age 11+ 

Tr
ip

 T
ic

ke
t F

L 
Pa

nh
an

dl
e 

1981 0 0 0 580 1664 751 654 52 5 16 0 110 
1982 141 2 278 578 1317 171 16 720 0 300 0 111 
1983 0 0 1288 3149 338 191 251 73 180 91 38 71 
1984 0 0 5 386 2273 247 243 26 69 32 25 9 
1985 0 0 3 19 372 435 46 60 18 0 3 1 
1986 0 3 209 552 20 33 94 24 15 1 0 8 
1987 0 850 2058 651 177 299 79 47 17 10 4 17 
1988 0 12 158 698 525 307 91 65 126 7 0 66 
1989 7 1482 4835 710 748 473 7 14 8 4 9 24 
1990 0 392 1450 1213 444 157 141 175 51 14 14 33 
1991 25 2567 3537 1289 669 534 325 122 30 310 49 114 
1992 0 1877 5316 2326 551 154 312 108 99 22 138 79 
1993 20 602 1564 2077 1538 674 263 407 190 73 20 551 
1994 0 3258 2129 1847 2423 1948 952 173 828 502 100 951 
1995 3 159 657 527 763 583 641 297 110 145 200 201 
1996 0 2713 8447 5536 1897 1077 1281 632 209 37 121 206 
1997 0 838 10705 10633 6894 2935 1197 1868 1038 464 0 760 
1998 0 1892 2013 3876 1400 913 387 258 317 259 147 120 
1999 0 1370 1973 2623 4378 2284 1100 561 546 803 240 414 
2000 0 565 2667 2615 3018 2595 676 901 231 518 473 856 
2001 0 407 1661 5275 3258 2285 1884 1467 857 296 294 702 
2002 5 1409 2492 2340 2215 1101 746 804 603 359 95 517 
2003 0 1078 6629 3718 3222 2477 1197 593 860 454 377 555 
2004 0 229 1631 1795 1044 702 774 344 138 260 136 160 
2005 1 63 859 409 395 230 127 149 56 53 44 77 
2006 0 215 1648 2016 1125 1112 825 551 615 131 122 415 

Tr
ip

 T
ic

ke
t S

W
 F

L 

1981 0 0 370 2602 10938 1276 320 833 9 0 0 160 
1982 9 29 2 298 1030 1604 811 48 148 65 0 6 
1983 0 182 0 4010 1746 138 165 27 26 69 12 27 
1984 0 0 407 99 1865 1499 1199 516 77 22 18 142 
1985 0 0 20 19 63 225 599 127 89 11 5 9 
1986 0 2 65 366 571 677 389 11 20 10 0 1 
1987 0 464 192 1101 515 658 572 166 13 3 1 0 
1988 0 25 51 453 12161 29305 6334 1237 660 105 56 106 
1989 0 665 873 4373 4740 2232 2925 481 535 7 2 457 
1990 0 6 1127 2835 13208 1101 2275 398 160 92 11 181 
1991 6 1906 7589 4719 2559 2267 1425 451 92 1143 198 336 
1992 0 1160 16981 18403 6401 1822 4160 1180 1458 328 1393 576 
1993 16 2237 14806 22618 21131 9836 3168 4941 2173 863 257 4464 
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1994 0 3077 6658 8828 9549 4824 1753 237 1510 571 174 482 
1995 12 1963 6322 3322 2747 1526 1166 548 207 275 300 369 
1996 0 3368 21791 15072 4352 1866 2103 1136 297 57 224 273 
1997 0 1267 10779 7950 4252 1514 646 881 513 241 0 292 
1998 0 2038 4657 11966 4048 2628 974 670 772 676 277 150 
1999 0 1407 1940 2714 5030 2909 1268 646 547 925 175 375 
2000 0 1748 4593 3253 3115 1730 457 541 173 147 211 251 
2001 0 290 1738 6049 3466 2365 1790 1319 749 257 220 680 
2002 2 1055 2371 2439 2371 1152 724 823 553 273 101 420 
2003 0 429 2812 2148 2077 1887 937 476 697 342 295 321 
2004 0 356 2381 2419 1374 844 942 383 152 323 165 235 
2005 3 313 5342 2968 3130 1782 964 1266 431 319 269 539 
2006 0 213 3014 4144 2203 2063 1188 690 628 144 122 346 

M
R

FS
S 

1981 0 8623 2211 6838 44603 7296 1982 1424 584 1213 43 284 
1982 41 2294 20672 44436 31640 12769 2357 1484 4 80 111 425 
1983 0 2219 82468 100999 6956 6849 3663 199 274 529 149 8383 
1984 0 30387 4494 24101 141601 22996 5127 3984 2868 1475 7 1258 
1985 0 6153 19907 23383 5060 5165 5718 2291 451 75 0 1096 
1986 4670 12061 51201 75893 12154 9769 9972 4413 372 578 14 512 
1987 1339 19962 71807 84928 21441 21361 9994 3079 924 2312 148 859 
1988 422 19082 38221 45590 118102 88705 22104 35034 14582 1169 744 11521 
1989 765 87243 62816 83944 22880 24958 2948 2673 1562 2000 1152 1596 
1990 5919 22488 59062 84579 60817 13139 4140 4002 4925 1309 176 3741 
1991 1415 153585 210256 67036 30427 19056 10798 4773 1764 8468 3103 5631 
1992 0 77546 87206 64923 32094 13104 13285 10537 4266 4007 8321 6505 
1993 1096 52310 51501 62159 48707 25110 8305 12640 6219 2206 576 11463 
1994 0 72254 54448 40880 49435 47554 17565 4654 15592 7245 3245 8509 
1995 1295 18721 43534 27129 26099 20461 20740 12250 4656 3790 6134 6440 
1996 0 30563 105718 66425 32468 22418 21641 16182 14459 5076 1670 13578 
1997 0 18947 100273 91067 51424 24988 11357 13689 10869 6236 1371 7009 
1998 0 35567 42376 81138 50525 31894 15436 8865 10446 8389 4124 3828 
1999 0 53521 49707 38955 50571 27447 10690 6721 4937 8464 2877 5020 
2000 0 29534 82346 58036 41257 25032 7707 9028 2310 4108 2958 5435 
2001 21 19036 40730 69521 29814 17230 13387 10929 8148 3821 1908 7863 
2002 113 46303 118677 62311 46236 25572 15296 13058 11881 7017 3404 8816 
2003 0 13329 65961 42314 35425 26930 14562 6858 8048 5291 4316 4803 
2004 3 14087 79330 40854 26550 17307 17158 10300 4174 6655 3630 5915 
2005 41 5855 63056 31409 25812 18018 12246 11468 7601 3658 2724 9059 
2006 0 13557 106707 95895 55443 41254 24629 17746 15393 6820 3184 11561 
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Te

xa
s P

ar
ks

 a
nd

 W
ild

lif
e 

D
ep

t. 
1981 0 0 25451 96 9914 12173 6563 4479 547 162 1 1783 
1982 0 66 1186 897 8058 15590 5810 6758 2631 1 1199 1389 
1983 0 1456 184 1795 6448 11004 7700 9363 3335 629 2524 619 
1984 0 114 32 963 4520 7174 3764 2109 656 776 128 433 
1985 0 278 141 554 2587 8352 3606 6639 479 727 948 1049 
1986 0 20 68 878 2466 5816 4433 2516 1485 603 1141 385 
1987 0 417 254 870 7993 6149 7742 576 1699 805 817 160 
1988 0 611 61 1116 5107 6825 3320 2439 1068 525 134 389 
1989 8 15 418 733 2533 6414 2272 3213 1111 679 411 873 
1990 27 78 42 1699 5014 5032 4718 3833 187 1188 491 478 
1991 0 4368 648 1354 14653 18119 1989 6126 379 629 0 322 
1992 0 570 2338 3175 3713 16722 635 3226 169 1 1078 262 
1993 0 18524 264 718 14354 16667 9787 5062 3820 242 90 2200 
1994 1 69 317 647 4638 1708 2925 874 24 605 44 299 
1995 8 807 4020 3596 3240 2275 2255 1081 410 372 445 463 
1996 0 729 4175 4308 2628 1800 1602 1255 647 170 134 519 
1997 0 420 5271 11478 8383 5320 2657 2896 2685 1685 465 1629 
1998 0 604 3622 13376 8291 6512 3405 2240 2557 2178 956 680 
1999 0 637 1985 4550 9357 6503 2819 1892 1255 2294 555 976 
2000 0 931 3619 4914 6699 7329 2764 2159 852 1916 1238 1838 
2001 1 399 1471 3789 3081 2067 1673 1618 1006 501 313 1162 
2002 3 549 1512 2637 5200 6530 2434 2594 1217 565 428 1068 
2003 0 310 1986 2581 4088 5350 2415 1191 1214 661 612 908 
2004 0 611 4170 5372 3904 3700 3828 1392 628 1183 432 703 
2005 6 124 3054 2877 8203 7689 1987 3247 401 548 285 590 
2006 0 312 3525 5545 3324 16363 4237 1383 1425 861 438 1098 

H
ea

db
oa

t 

1981 0 881 697 563 653 685 57 71 79 19 0 75 
1982 0 881 697 563 653 685 57 71 79 19 0 75 
1983 0 881 697 563 653 685 57 71 79 19 0 75 
1984 0 881 697 563 653 685 57 71 79 19 0 75 
1985 0 881 697 563 653 685 57 71 79 19 0 75 
1986 0 6478 17116 5713 1942 2497 690 628 201 33 10 82 
1987 0 20 532 2584 350 584 162 22 39 178 1 7 
1988 35 810 829 742 872 617 151 239 26 20 14 86 
1989 0 3767 6764 6561 437 693 442 51 46 35 5 39 
1990 1654 36 2820 7022 5546 417 156 27 200 522 0 104 
1991 32 3324 7372 2991 1115 592 418 152 65 181 79 117 
1992 0 2672 2853 5491 4483 183 627 529 1100 16 177 44 
1993 74 3473 2916 6115 3783 1277 502 300 144 39 17 281 
1994 0 909 2411 5473 4026 1229 708 108 257 175 36 146 
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1995 11 1425 4525 2843 1053 433 419 145 53 53 40 30 
1996 0 1632 9658 5839 2656 1243 1102 800 604 269 64 276 
1997 0 5827 8174 3978 1210 409 156 143 100 61 32 37 
1998 0 2942 1778 2214 1343 609 225 102 99 97 20 11 
1999 0 3108 3807 2083 1852 929 294 248 113 128 168 176 
2000 0 1434 3110 2292 1068 588 223 229 76 62 42 72 
2001 0 334 838 1361 785 419 301 276 232 116 36 174 
2002 2 937 2076 788 520 309 147 123 107 63 38 59 
2003 0 522 2778 1297 703 377 249 94 56 63 30 38 
2004 8 924 6859 1861 1280 687 479 357 138 246 160 282 
2005 56 973 9614 3271 1364 880 373 287 222 67 70 225 
2006 0 143 4648 4044 2801 1073 473 370 185 211 49 181 

C
ha

rte
r B

oa
t N

W
 F

L 

1981 0 0 0 0 0 0 0 0 0 0 0 0 
1982 0 0 0 0 0 0 0 0 0 0 0 0 
1983 0 0 0 0 0 0 0 0 0 0 0 0 
1984 0 0 0 0 0 0 0 0 0 0 0 0 
1985 0 0 0 0 0 0 0 0 0 0 0 0 
1986 89 1084 11365 10615 730 553 1432 222 39 29 3 47 
1987 2 4739 16825 16797 2260 2645 1109 478 93 206 24 119 
1988 54 2063 5243 8225 24431 13558 3647 7300 3599 335 438 2736 
1989 190 14842 10700 9568 3449 3829 263 641 308 199 271 379 
1990 15 6705 20301 13400 4836 3219 1071 950 671 473 93 487 
1991 268 29232 37528 11014 4793 2903 1381 548 167 1281 221 679 
1992 65 5864 24326 14595 5094 1473 1414 807 373 88 428 475 
1993 208 12439 11110 10395 7015 2918 1123 1210 737 360 100 1581 
1994 50 28027 19716 9313 9945 6541 3168 960 2433 1211 624 1797 
1995 733 15045 39300 25016 8208 3164 3295 1805 733 408 793 1057 
1996 0 15941 49029 30406 12098 7525 8648 5558 3302 699 688 3199 
1997 0 5227 29699 23264 12100 5012 2138 2935 2128 1121 220 1419 
1998 0 15683 15526 31692 13882 8643 3763 2046 3005 2357 1060 1260 
1999 0 17861 11670 24317 31158 11503 7642 3273 1806 3111 638 1222 
2000 17456 10705 32859 23381 23346 12110 3390 3324 1303 1792 1296 1959 
2001 6 10836 23638 35528 15307 8129 5801 4298 2731 1000 718 2757 
2002 37 11688 16960 20180 23656 8238 7455 3913 2851 1670 1002 2992 
2003 0 2686 11009 9190 17243 8686 4136 2883 2009 1319 931 1460 
2004 11877 3897 16152 14438 11210 6273 5821 2584 1258 1863 838 889 
2005 8498 1674 9821 7270 21933 5418 4141 1923 2911 738 1217 1046 
2006 0 10799 29588 39771 44565 19414 12663 5755 5536 1129 1212 3893 

C
ha

rte
r 

B
oa

t 
SW

 F
L 1981 0 0 0 0 0 0 0 0 0 0 0 0 

1982 0 0 0 0 0 0 0 0 0 0 0 0 
1983 0 0 0 0 0 0 0 0 0 0 0 0 
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1984 0 0 0 0 0 0 0 0 0 0 0 0 
1985 0 427 56 95 108 180 25 8 0 0 7 3 
1986 0 471 1809 3614 1715 1564 559 489 89 59 34 121 
1987 0 8 207 1382 286 646 437 0 0 0 0 0 
1988 6 75 127 113 100 37 8 45 12 9 8 15 
1989 0 3433 7659 5701 1846 1719 255 81 196 206 23 117 
1990 1546 3068 2494 3374 3829 2513 2417 1082 3572 819 18 1963 
1991 0 774 3539 3405 1705 519 1114 483 331 111 438 389 
1992 3 1485 11268 17967 21459 12902 13219 3943 1967 12101 3535 8149 
1993 4 3575 25156 18643 27547 30761 11256 15301 3841 741 234 4159 
1994 117 22064 11215 20262 34738 95033 18990 14273 23175 9933 4121 11295 
1995 167 11015 61577 47978 29704 26536 28509 18860 9393 2109 4043 10347 
1996 0 5791 36836 28302 23136 15191 8945 11102 17574 7763 234 16618 
1997 0 8963 36945 76944 38740 26443 12342 10134 9774 7508 3580 4055 
1998 0 5028 14690 23208 25555 15034 7333 3844 4153 4714 1776 2092 
1999 0 6850 11548 10666 12837 8826 2756 2717 1171 2371 1426 2069 
2000 955 5840 15297 21205 16175 11704 9041 8077 3148 3793 1837 6650 
2001 4 7510 19610 25843 20405 11109 8912 9404 8367 4083 1207 6439 
2002 2 5831 27049 16842 11310 7073 3438 2043 1957 1186 1062 1948 
2003 0 2586 13567 13033 11604 5412 6583 2363 1424 2052 1849 2365 
2004 5770 2221 19534 9621 7038 4469 3680 2638 1140 1307 711 1625 
2005 3054 1407 14664 15661 10916 10768 7374 6417 5659 1596 1428 8607 

2006 
0 1280 13637 16031 14807 5663 2804 2265 1319 1759 256 1597 

 

3.1.1.3. Model Configuration and Equations  

Virtual population analysis (VPA) is based on a family of techniques described by Murphy 
(1965) and Gulland (1965). The method assumes that the catch history of any given year-class is 
known without error, permitting the historical abundance and fishing mortality rates to be 
computed deterministically from an initial estimate of the abundance or fishing mortality rate on 
the oldest (terminal) age of the year class. The VPA can be “tuned” to ancillary information such 
as indices of abundance or tagging data (Doubleday, 1981; Parrack, 1986; Gavaris, 1989). For 
king mackerel, VPAs have been used since the mid-1980s (Nichols, 1985; see also Section 1 of 
SEDAR 16 SAR). 

In recent years through SEDAR5, the VPA program known as FADAPT (Restrepo, 1996) was 
used for king mackerel assessments. In 2008 the program VPA-2BOX (Porch et al., 1995) is 
being used instead because it offers more modeling options than does FADAPT, such as the 
ability to impose certain constraints on the solution, and the ability to model two stocks 
simultaneously with mixing between them. For simple applications, both FADAPT and VPA-
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2BOX give the same results2. Like FADAPT, VPA-2BOX is based on the ADAPT model 
framework (Gavaris, 1989). Various implementations of ADAPT and VPA have been widely 
used for domestic fisheries in the United States, South Africa and Canada; as well as in several 
international arenas, including the International Commission of the Conservation of Atlantic 
Tuna (ICCAT) and the Northwest Atlantic Fisheries Organization (NAFO).  

VPA-2BOX uses backwards recursion to fit age-structured models for one or two intermixing 
populations to catch, effort and abundance data. The basic methods are as follows (Table 3.9). 

Table 3.9. Overlap and diffusion model equations describing population dynamics (stock: s, age: 
a, year:y, zone: j or k, A: age of plus-group, Y: most recent year in analysis). 

 

 

 

 

                                                 
2 When the base case assessment for Gulf of Mexico king mackerel from SEDAR5 was implemented using VPA‐
2BOX, it gave the same results as FADAPT did in 2004 (S. Cass‐Calay, pers. comm.) 
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Note that while mixing between two stocks is possible within the VPA-2BOX model framework, 
the models discussed in this paper do not allow mixing between the Gulf and Atlantic migratory 
groups. Instead, each migratory group is modeled independently as a separate stock.  

The catch equations (Table 3.9) contain many variables (N, F, M and T), yet only the catches are 
actually observed. VPA-2BOX overcomes this problem by using a backwards recursion to 
determine the historical abundance and fishing mortality rate of each cohort from the observed 
catches and prescribed values for natural mortality and the fishing mortality rate on the last age 
observed for the cohort (FAy or FaY). The challenge that remains is to choose appropriate values 
for M, FaY and FAy. The method used for the SEDAR 16 VPA runs was to estimate these values 
by maximizing the model fits to indices of abundance by maximizing the log-likelihood function 
described in Table 3.10. 

Table 3.10. Model for indices of abundance (index series: i, zone: k, age: a, year: y). 

 

This introduces several new variables that need to be accounted for—the index standard error σ, 
catchability q, and relative selectivity S. The values for σ were estimated internally using a 
concentrated maximum likelihood procedure. The values of q were assumed to be constant 
through time and estimated along with the other parameters. For the “Continuity Cases”, the 
values of S corresponding to each index were determined from the partial catches and partial 
fishing mortalities  using the method of Powers and Restrepo (1992).  “Partial catch” is generally 
defined as catch-at-age pertaining to survey area or fleet, relative to the total catch at age for all 
fleets combined.  
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3.1.1.4. Parameters Estimated 

The estimated parameters were the terminal year (2006) fishing mortality rates for each age 
(Terminal F’s).  Like the SEDAR5 and MSAP 2003 assessments, the terminal Fs for age-1 
(Atlantic) or ages 0 and 1 (Gulf) were fixed relative to the estimated terminal year F at age-2 

using ratios derived from a separable VPA that used the most recent seven years of data (2000-
2006). For the Atlantic assessment, the Terminal Fs for ages 3 -9 were estimated, and ages 10 
and 11+ were assumed to have the same terminal F as age-9. For the Gulf assessment, the 
Terminal Fs for ages 3 -10 were estimated, and age-11+ was assumed to have the same terminal 
F as age-10. These assumptions are summarized in Table 3.11.  The model also estimated 
catchability coefficients for each index. 

Table 3.11. Terminal F settings and initial guesses used for VPA “Continuity Cases”.  

 Atlantic Gulf 

 
Initial 
Value Fixed or Estimated? Initial Value Fixed or Estimated? 

Age 0 NA NA - Fixed at 208.4% of 
Terminal F at Age-2 

Age 1 - Fixed at 9.62% of 
Terminal F at Age-2 - Fixed at 17.7% Terminal 

F at Age-2 
Age 2 0.067 Estimated 0.0351 Estimated 
Age 3 0.213 Estimated 0.052 Estimated 
Age 4 0.083 Estimated 0.4275 Estimated 
Age 5 0.272 Estimated 0.3223 Estimated 
Age 6 0.052 Estimated 0.1982 Estimated 
Age 7 0.036 Estimated 0.0481 Estimated 
Age 8 0.228 Estimated 0.2169 Estimated 
Age 9 0.032 Estimated 0.3907 Estimated 

Age 10 - Fixed equal to 
Terminal F at Age-9 0.3397 Estimated 

Age 11+ - Fixed equal to 
Terminal F at Age-9 - Fixed equal to Terminal 

F at Age-10 
 

3.1.1.5. Uncertainty and Measures of Precision  

It is possible to evaluate uncertainty using bootstrap runs of the index residuals. However, since 
the “Continuity Cases” were not constructed to provide management advice, no bootstrap runs 
were completed. 

3.1.1.6. Methods Used to Compute Benchmark / Reference Points  

Benchmarks are reference points were calculated using the current management criteria3 (Table 
3.12). The following treatments of the data and assumptions have been used: 

Terminal F (FCurrent):  FCurrent was estimated as the apical F for the terminal year.. 
                                                 
3 Management Overview, Section I, SEDAR 16 Stock Assessment Report 
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Current Selectivity: selectivity was computed from the geometric means of the age-
specific fishing mortality values in the last five years of the VPA. 

SSB: SSB is computed as the product of numbers at age at the beginning of each year, 
times maturity, times fecundity. 

Expected spawner-recruit relationship: A two-line model. Maximum recruitment is given 
by the mean of the estimated recruitments for 1989-2004.  The Atlantic values before 
1989 were excluded following the rationale in SEDAR 5 and previous assessments that 
no index information was available in those years to estimate SSB and recruitment. The 
SSB at which recruitment starts to decline to the origin is given by the mean of the five 
lowest  SSB estimates. 

Table 3.12. Management criteria for the Gulf and South Atlantic regions, continuity case. 

Criteria Current Definition
South Atlantic Gulf of Mexico 

MSST 0.85(Bmsy) 0.8(Bmsy)
MFMT Fmsy = F30%SPR Fmsy = F30%SPR 
MSY Yield @30%SPR Yield @30%SPR 
FMSY Fmsy = F30%SPR Fmsy = F30%SPR 
OY Yield @ F40% Yield @ 0.85Fmsy 
FOY F40% SPR 0.85Fmsy
M 0.15 0.20 

 
3.1.1.7. Projection methods 

The “Continuity Cases” were not constructed to provide management advice. Therefore, no 
projections were attempted. 

3.1.2. Model 1 Results  

The purpose of the “Continuity Cases” was to demonstrate the effect of updating time series 
(catch and indices) without modifying modeling assumptions or life history functions (e.g. 
natural mortality, fecundity, growth etc). These results are not intended to be used for 
management advice. Therefore, a reduced set of results will be presented. The results are most 
properly compared to SEDAR 5 results prior to 2002.  

3.1.2.1. Measures of Overall Model Fit  

The model fit was assessed using the objective function, likelihood statistics (Table 3.13) and 
the fits to the indices of abundance (Figures 3.1 and 3.2). AIC, AICC and BIC values are also 
summarized in Table 3.13, but these are not directly comparable across model with different 
numbers of parameters. The fits to the Atlantic indices of abundance were quite poor (indicated 
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by lower log likelihoods). Some Gulf indices were fit quite well (i.e. HB, MRFSS and the SW 
FL Trip Ticket), but others were very poorly fit (i.e. Bycatch GLM and Charterboat SW). 

 

Table 3.13 Loglikelihood measures of model fits to the indices of abundance and associated 
information criteria. The acronyms AIC, AICc and BIC refer to Akaike's Information criteria, 
AIC with small sample correction, and the Bayes Information Criteria. The Chi-square 
discrepancy statistic (Gelman et al., 1995) is approximately chi-square distributed with degrees 
of freedom equal to the number of data points less the number of parameters. Note that these 
statistics can only be compared across models that use the same data. 

 

Model
Total objective function
(with constants)
Number of parameters
Number of data points
AIC 
AICC
BIC
Chi‐square discrepancy

Loglikelihoods (deviance)
effort data 

Log‐posteriors
catchability
f‐ratio
natural mortality
mixing coeff. 

Constraints
terminal F  
stock‐rec./sex ratio 

Out of bounds penalty

Log Likelihoood: Indices of Abundance
Index 1 'NC_com_TT' 13.59 'FL_TT_NW' 6.91
Index 2 'FL_com_TT' 3.45 'FL_TT_SW' 8.27
Index 3 'MRFSS' 5.91 'MRFSS' 11.08
Index 4 'HeadB' 7.97 'TX_PWD' 2.88
Index 5 'SEAMAP' 2.31 'HeadBoat' 10.81
Index 6 'Charter_FL_NW' 5.22
Index 7 'Charter_FL_SW' 0.82
Index 8 ' ‐4.11
Index 9 'SEAMAP' 1.46

NA
NA
NA
NA

0 0

33.23 43.34

0 0

0 0
0 0
0 0

33.22 43.37

0 0
0 0
0 0
0 0

160.69 259.87
168.74 264.43
208.29 316.21
97.38 212.71

33.22 43.37

ATL‐Continuity GOM‐Continuity
‐33.22 ‐43.37
62.35 111.94
18 18
104 169

Bycatch_GLM'
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Figure 3.1. Fits to indices of abundance for the Atlantic “continuity case”. 
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Figure 3.2. Fits to indices of abundance for the Gulf “continuity case”. 

 

48 
SEDAR 16 SAR SECTION 3  ASSESSMENT WORKSHOP REPORT 



Gulf of Mexico and South Atlantic King Mackerel 

3.1.2.2. Parameter estimates & associated measures of uncertainty 

The Terminal Year F parameter estimates for the Atlantic and Gulf “continuity cases” are 
summarized in Table 3.14.  Fixed values are indicated with gray shading. No measures of 
uncertainty are available because no bootstraps were completed for the continuity cases. 

Table 3.14. Final terminal year F estimates for the continuity cases. Fixed values are shaded. 

Terminal Year F Atlantic Gulf 

Age 0 
Not 

Used 2.084 
Age 1 0.096 0.177 
Age 2 0.066 0.031 
Age 3 0.215 0.046 
Age 4 0.083 0.426 
Age 5 0.274 0.337 
Age 6 0.053 0.208 
Age 7 0.036 0.077 
Age 8 0.229 0.040 
Age 9 0.032 0.400 

Age 10 0.032 0.362 
Age 11 0.032 0.362 

 

3.1.2.3. Stock Abundance and Recruitment  

Annual estimates of the size of the adult stock (Age 2+) are summarized in Figure 3.3. The 
continuity run suggests a larger adult population in the Atlantic, relative to the SEDAR 5 results. 
The Gulf estimates are comparable throughout the time-series. 

 

Figure 3.3. Comparison of annual abundance estimates from the SEDAR 5 F-ADAPT model 
and the VPA-2BOX continuity run. 
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For SEDAR 5 and VPA continuity runs, the Atlantic models began at Age 1. The estimates of 
recruitment at age-1 from SEDAR 5 and the continuity run are similar in magnitude (averaging 2 
million) until 1997, then the continuity estimates are substantially higher than the SEDAR 5 
estimates (Figure 3.4). In the Gulf, the recruitment estimates are roughly equal in magnitude 
(averaging 3.5 million) during 1981-2001, and vary largely without trend until the recent years. 
However, some differences are notable after 1997. Gulf recruitment estimates are markedly 
higher after 2003, 10.5 million on average. 

 

Figure 3.4. Comparison of annual recruitment estimates from the SEDAR 5 F-ADAPT model 
and the VPA-2BOX continuity run. 

3.1.2.4. Stock Biomass (total and spawning stock)  

The spawning stock biomass estimates for the Atlantic and Gulf continuity cases are summarized 
in Figure 3.5. During the initial years of the time series, the Atlantic spawning stock biomass 
was estimated to be larger than that in the Gulf. However, in the most recent years, the Gulf 
stock biomass increased steeply, and in 2005 and 2006, the Gulf spawning stock biomass 
exceeded that in the Atlantic.  

Figure 3.5. Spawning stock trajectories from the VPA continuity cases. 
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3.1.2.5. Fishery Selectivity  

Fishery selectivity was estimated using the partial catches (fleet or index specific catches-at-age) 
using the Powers and Restrepo (1992) method which allows selectivity to vary by year, and 
requires the partial catches –at-age to be fit exactly. This is the same method used during 
previous assessments of king mackerel. For the Atlantic model, one exception was the SEAMAP 
trawl selectivity which was fixed at 1.0 for Age 1 and 0.0 for all other ages. The fishery 
selectivity estimates for the other Atlantic fleets/indices are summarized in Table 3.15. 

Table 3.15. Fishing mortality and Fishery selectivity-at-age for the Atlantic continuity case. 

Year/Age 1 2 3 4 5 6 7 8 9 10 11 

1981 0.011 0.026 0.053 0.088 0.118 0.155 0.159 0.268 0.059 0.059 0.059 

1982 0.006 0.01 0.006 0.057 0.102 0.235 0.35 0.293 0.255 0.117 0.117 

1983 0.009 0.041 0.085 0.06 0.098 0.159 0.283 0.548 0.121 0.123 0.123 

1984 0.011 0.009 0.021 0.085 0.074 0.249 0.241 0.318 0.257 0.154 0.154 

1985 0.015 0.109 0.13 0.061 0.196 0.091 0.251 0.773 0.453 0.166 0.166 

1986 0.018 0.052 0.101 0.217 0.26 0.231 0.109 0.549 0.536 0.19 0.19 

1987 0.075 0.1 0.095 0.162 0.227 0.217 0.085 0.089 0.167 0.145 0.145 

1988 0.014 0.11 0.148 0.146 0.083 0.155 0.296 0.127 0.146 0.246 0.246 

1989 0.039 0.081 0.096 0.088 0.111 0.156 0.184 0.207 0.118 0.173 0.173 

1990 0.026 0.115 0.119 0.109 0.103 0.142 0.126 0.143 0.436 0.169 0.169 

1991 0.018 0.077 0.162 0.131 0.173 0.169 0.139 0.256 0.149 0.194 0.194 

1992 0.029 0.078 0.113 0.168 0.166 0.114 0.131 0.099 0.153 0.247 0.247 

1993 0.021 0.054 0.054 0.058 0.12 0.133 0.114 0.147 0.123 0.212 0.212 

1994 0.028 0.118 0.056 0.059 0.063 0.181 0.15 0.091 0.143 0.138 0.138 

1995 0.025 0.107 0.105 0.073 0.053 0.072 0.144 0.149 0.124 0.131 0.131 

1996 0.017 0.069 0.106 0.186 0.115 0.056 0.083 0.16 0.209 0.101 0.101 

1997 0.017 0.177 0.079 0.128 0.158 0.084 0.066 0.069 0.209 0.105 0.105 

1998 0.021 0.042 0.189 0.089 0.132 0.156 0.066 0.069 0.072 0.079 0.079 

1999 0.026 0.073 0.047 0.22 0.069 0.097 0.088 0.064 0.051 0.049 0.049 

2000 0.002 0.156 0.122 0.083 0.258 0.054 0.056 0.06 0.053 0.066 0.066 

2001 0.005 0.035 0.111 0.122 0.063 0.2 0.042 0.052 0.056 0.056 0.056 

2002 0.019 0.045 0.052 0.145 0.087 0.047 0.127 0.035 0.036 0.026 0.026 

2003 0.004 0.113 0.064 0.092 0.231 0.115 0.061 0.211 0.025 0.023 0.023 

2004 0.02 0.059 0.155 0.076 0.105 0.278 0.077 0.053 0.143 0.021 0.021 

2005 0.001 0.01 0.04 0.176 0.269 0.164 0.108 0.288 0.033 0.079 0.079 

2006 0.006 0.066 0.215 0.083 0.274 0.053 0.036 0.229 0.032 0.032 0.032 
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    -------------------- 
    NC_com_TT                                          
    -------------------- 
    Selectivities by age               
    Year      2      3      4      5      6      7      8      9     10     11 
    ----    -----  -----  -----  -----  -----  -----  -----  -----  -----  ----- 
    1994    0.250  0.146  0.147  0.202  0.786  1.000  0.349  0.720  0.724  0.781 
    1995    0.181  0.445  0.367  0.255  0.397  1.000  0.869  0.571  0.699  0.569 
    1996    0.105  0.348  1.000  0.787  0.279  0.345  0.586  0.639  0.504  0.186 
    1997    0.413  0.258  0.490  0.634  0.345  0.220  0.257  1.000  0.423  0.330 
    1998    0.111  0.705  0.310  0.558  1.000  0.245  0.184  0.179  0.137  0.191 
    1999    0.359  0.226  1.000  0.331  0.572  0.488  0.351  0.191  0.109  0.143 
    2000    0.278  0.366  0.311  1.000  0.274  0.269  0.504  0.304  0.173  0.210 
    2001    0.147  0.401  0.411  0.265  1.000  0.315  0.515  0.647  0.254  0.388 
    2002    0.343  0.427  1.000  0.690  0.454  0.851  0.370  0.684  0.218  0.277 
    2003    0.484  0.299  0.397  1.000  0.472  0.261  0.769  0.157  0.077  0.130 
    2004    0.513  0.858  0.514  0.581  1.000  0.152  0.230  0.187  0.024  0.083 
    2005    0.038  0.134  0.632  0.769  0.662  0.027  1.000  0.079  0.361  0.217 
    2006    0.292  0.791  0.295  1.000  0.401  0.176  0.710  0.153  0.128  0.193 
 
    -------------------- 
    FL_com_TT                                          
    -------------------- 
    Selectivities by age               
    Year      2      3      4      5      6      7      8 
    ----    -----  -----  -----  -----  -----  -----  ----- 
    1986    0.014  0.045  0.162  0.461  0.802  0.339  1.000 
    1987    0.254  0.370  0.659  0.993  1.000  0.362  0.417 
    1988    0.374  0.506  0.505  0.246  0.556  1.000  0.479 
    1989    0.288  0.393  0.384  0.495  0.663  0.612  1.000 
    1990    0.491  0.564  0.502  0.530  0.803  0.777  1.000 
    1991    0.250  0.589  0.419  0.664  0.679  0.665  1.000 
    1992    0.606  0.700  0.897  1.000  0.640  0.695  0.582 
    1993    0.568  0.618  0.542  0.806  1.000  0.725  0.926 
    1994    0.637  0.372  0.395  0.398  1.000  0.670  0.494 
    1995    0.218  0.391  0.378  0.298  0.431  0.959  1.000 
    1996    0.676  0.695  0.999  0.516  0.289  0.504  1.000 
    1997    1.000  0.304  0.414  0.476  0.210  0.195  0.183 
    1998    0.164  1.000  0.445  0.572  0.508  0.238  0.301 
    1999    0.279  0.207  1.000  0.315  0.407  0.393  0.301 
    2000    0.443  0.433  0.327  1.000  0.183  0.186  0.119 
    2001    0.172  0.641  0.738  0.339  1.000  0.119  0.155 
    2002    0.258  0.334  1.000  0.591  0.304  0.906  0.217 
    2003    0.418  0.260  0.399  1.000  0.510  0.265  0.918 
    2004    0.139  0.469  0.222  0.338  1.000  0.259  0.166 
    2005    0.031  0.036  0.395  0.857  0.382  0.374  1.000 
    2006    0.130  0.591  0.253  0.919  0.159  0.122  1.000 
 
    -------------------- 
    MRFSS                                              
    -------------------- 
    Selectivities by age               
    Year      2      3      4      5      6      7      8      9     10     11 
    ----    -----  -----  -----  -----  -----  -----  -----  -----  -----  ----- 
    1981    0.116  0.049  0.240  0.344  0.325  0.440  1.000  0.126  0.168  0.204 
    1982    0.023  0.017  0.131  0.283  0.521  1.000  0.692  0.547  0.342  0.256 
    1983    0.112  0.232  0.164  0.251  0.296  0.685  1.000  0.292  0.064  0.181 
    1984    0.028  0.066  0.314  0.254  1.000  0.754  0.890  0.423  0.487  0.447 
    1985    0.187  0.191  0.052  0.244  0.117  0.249  1.000  0.656  0.153  0.176 
    1986    0.182  0.312  0.757  0.655  0.467  0.184  1.000  0.721  0.217  0.302 
    1987    0.850  0.508  0.793  1.000  0.899  0.323  0.332  0.648  0.521  0.543 
    1988    0.502  0.605  0.545  0.260  0.497  1.000  0.420  0.494  0.802  0.840 
    1989    0.413  0.488  0.441  0.551  0.704  0.678  1.000  0.503  0.915  0.845 
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    1990    0.366  0.357  0.314  0.290  0.374  0.309  0.402  1.000  0.464  0.500 
    1991    0.387  0.715  0.454  0.633  0.628  0.621  0.865  0.706  1.000  0.860 
    1992    0.344  0.469  0.599  0.644  0.462  0.537  0.361  0.595  0.975  1.000 
    1993    0.167  0.168  0.184  0.380  0.451  0.459  0.603  0.464  0.824  1.000 
    1994    0.834  0.337  0.362  0.372  1.000  0.700  0.560  0.767  0.705  0.782 
    1995    1.000  0.808  0.483  0.339  0.423  0.724  0.783  0.694  0.743  0.704 
    1996    0.413  0.652  0.991  0.560  0.313  0.452  1.000  0.929  0.456  0.568 
    1997    0.794  0.384  0.635  0.801  0.460  0.356  0.376  1.000  0.585  0.619 
    1998    0.255  1.000  0.488  0.682  0.647  0.369  0.388  0.435  0.523  0.543 
    1999    0.324  0.207  1.000  0.300  0.391  0.358  0.258  0.223  0.240  0.228 
    2000    0.703  0.513  0.326  1.000  0.198  0.213  0.202  0.199  0.279  0.260 
    2001    0.183  0.563  0.617  0.320  1.000  0.209  0.217  0.224  0.311  0.296 
    2002    0.325  0.352  1.000  0.577  0.292  0.851  0.206  0.163  0.164  0.152 
    2003    0.482  0.278  0.399  1.000  0.500  0.261  0.937  0.098  0.108  0.093 
    2004    0.166  0.535  0.238  0.344  1.000  0.316  0.188  0.667  0.104  0.089 
    2005    0.029  0.143  0.602  1.000  0.518  0.534  0.908  0.134  0.311  0.180 
    2006    0.268  0.845  0.317  1.000  0.143  0.117  0.755  0.093  0.099  0.101 
 
    -------------------- 
    HeadB                                              
    -------------------- 
    Selectivities by age               
    Year      1      2      3      4      5      6      7      8 
    ----    -----  -----  -----  -----  -----  -----  -----  ----- 
    1981    0.019  0.130  0.045  0.264  0.366  0.368  0.383  1.000 
    1982    0.029  0.055  0.039  0.307  0.315  0.726  0.654  1.000 
    1983    0.033  0.144  0.075  0.056  0.202  0.254  0.608  1.000 
    1984    0.020  0.048  0.115  0.225  0.262  0.600  1.000  0.646 
    1985    0.015  0.159  0.156  0.025  0.192  0.099  0.181  1.000 
    1986    0.009  0.049  0.134  0.316  0.383  0.576  0.428  1.000 
    1987    0.172  0.306  0.392  0.686  1.000  0.894  0.275  0.321 
    1988    0.033  0.282  0.372  0.419  0.234  0.528  1.000  0.415 
    1989    0.756  0.939  0.709  0.540  0.601  0.737  0.685  1.000 
    1990    0.154  1.000  0.895  0.804  0.724  0.896  0.729  0.877 
    1991    0.273  0.719  1.000  0.553  0.695  0.575  0.499  0.631 
    1992    0.296  0.669  0.739  0.916  1.000  0.628  0.691  0.525 
    1993    0.467  0.994  0.606  0.561  0.872  1.000  0.738  0.868 
    1994    0.294  1.000  0.351  0.299  0.251  0.538  0.316  0.232 
    1995    0.291  1.000  0.824  0.515  0.374  0.445  0.764  0.747 
    1996    0.101  0.464  0.720  1.000  0.582  0.287  0.413  0.902 
    1997    0.133  1.000  0.341  0.567  0.727  0.382  0.332  0.333 
    1998    0.253  0.327  1.000  0.418  0.538  0.463  0.228  0.283 
    1999    0.413  0.880  0.286  1.000  0.276  0.343  0.317  0.211 
    2000    0.011  0.941  0.596  0.334  1.000  0.169  0.168  0.127 
    2001    0.044  0.306  0.880  0.901  0.382  1.000  0.146  0.157 
    2002    0.256  0.473  0.370  1.000  0.546  0.277  0.770  0.181 
    2003    0.050  0.875  0.365  0.425  1.000  0.435  0.205  0.685 
    2004    0.106  0.306  0.629  0.249  0.347  1.000  0.269  0.172 
    2005    0.000  0.055  0.226  0.551  0.563  0.533  0.393  1.000 
    2006    0.016  0.325  1.000  0.331  0.996  0.095  0.080  0.566 
 

The total fishing mortality rates by age and year and the fishery selectivity estimates for the Gulf 
fleets/indices are summarized in Table 3.16. Two Gulf selectivity vectors were fixed, the 
SEAMAP Fall Groundfish survey (fixed to 1.0 at Age-0 and 0.0 for other ages) and the 
SEAMAP Ichthyoplankton survey (SSB index-Selectivity fixed equal to Fecundity*Maturity-at-
age) 
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Table 3.16. Total fishing mortality and fishery selectivity-at-age for the Gulf continuity case. 

Year/Age 0 1 2 3 4 5 6 7 8 9 10 11 

1981 0.169 0.028 0.038 0.059 0.382 0.538 0.247 0.248 0.132 0.184 0.055 0.055 

1982 0.209 0.006 0.047 0.222 0.366 0.602 0.406 0.28 0.62 0.174 0.335 0.335 

1983 0.21 0.005 0.083 0.274 0.27 0.201 0.157 0.237 0.146 0.089 0.084 0.084 

1984 0.215 0.042 0.015 0.07 0.608 0.358 0.263 0.237 0.227 0.113 0.044 0.044 

1985 0.213 0.009 0.031 0.06 0.268 0.503 0.396 0.323 0.071 0.136 0.069 0.069 

1986 0.153 0.037 0.166 0.214 0.057 0.162 0.331 0.171 0.13 0.051 0.064 0.064 

1987 0.321 0.018 0.076 0.182 0.1 0.087 0.08 0.091 0.063 0.145 0.025 0.025 

1988 0.151 0.018 0.036 0.074 0.3 0.676 0.126 0.263 0.423 0.121 0.142 0.142 

1989 0.308 0.047 0.151 0.168 0.115 0.222 0.261 0.061 0.11 0.258 0.089 0.089 

1990 0.26 0.018 0.063 0.198 0.341 0.106 0.208 0.262 0.095 0.092 0.103 0.103 

1991 0.451 0.09 0.161 0.112 0.173 0.168 0.113 0.132 0.13 0.117 0.115 0.115 

1992 0.221 0.071 0.118 0.128 0.275 0.254 0.338 0.125 0.149 1.049 0.177 0.177 

1993 0.331 0.074 0.132 0.152 0.189 0.229 0.224 0.405 0.144 0.112 0.21 0.21 

1994 0.27 0.07 0.1 0.21 0.31 0.339 0.192 0.216 1.022 0.231 0.25 0.25 

1995 0.347 0.028 0.16 0.22 0.244 0.177 0.222 0.182 0.215 0.498 0.208 0.208 

1996 0.266 0.032 0.188 0.204 0.21 0.229 0.164 0.175 0.251 0.283 0.334 0.334 

1997 0.282 0.044 0.173 0.27 0.234 0.273 0.223 0.196 0.228 0.23 0.256 0.256 

1998 0.096 0.049 0.129 0.24 0.298 0.265 0.262 0.247 0.234 0.334 0.165 0.165 

1999 0.139 0.017 0.11 0.188 0.281 0.23 0.132 0.201 0.185 0.287 0.145 0.145 

2000 0.241 0.022 0.043 0.234 0.329 0.256 0.151 0.196 0.167 0.421 0.231 0.231 

2001 0.213 0.028 0.062 0.073 0.27 0.274 0.233 0.25 0.25 0.259 0.268 0.268 

2002 0.212 0.048 0.177 0.1 0.068 0.262 0.32 0.216 0.23 0.187 0.254 0.254 

2003 0.05 0.019 0.128 0.139 0.116 0.062 0.3 0.3 0.257 0.244 0.257 0.257 

2004 0.096 0.003 0.19 0.165 0.167 0.074 0.044 0.273 0.221 0.298 0.195 0.195 

2005 0.089 0.002 0.025 0.163 0.292 0.187 0.077 0.044 0.475 0.311 0.331 0.331 

2006 0.064 0.005 0.031 0.046 0.426 0.338 0.207 0.077 0.04 0.4 0.364 0.364 
 

    -------------------- 
    FL_TT_NW                                           
    -------------------- 
    Selectivities by age               
    Year      3      4      5      6 
    ----    -----  -----  -----  ----- 
    1986    1.000  0.025  0.087  0.800 
    1987    1.000  0.525  0.579  0.321 
    1988    0.626  0.784  1.000  0.151 
    1989    0.535  0.802  1.000  0.041 
    1990    1.000  0.481  0.211  0.417 
    1991    0.637  0.884  1.000  0.649 
    1992    1.000  0.354  0.270  0.804 
    1993    1.000  0.829  0.597  0.628 
    1994    0.799  1.000  0.929  0.712 
    1995    0.382  1.000  0.746  0.982 
    1996    1.000  0.678  0.711  0.772 
    1997    0.935  1.000  0.861  0.639 
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    1998    1.000  0.509  0.529  0.463 
    1999    0.514  1.000  0.741  0.534 
    2000    0.463  0.982  1.000  0.343 
    2001    0.209  0.736  1.000  0.921 
    2002    0.297  0.215  0.740  1.000 
    2003    0.598  0.428  0.241  1.000 
    2004    1.000  0.733  0.385  0.297 
    2005    0.719  1.000  0.700  0.272 
    2006    0.121  0.683  1.000  0.794 
 
    -------------------- 
    FL_TT_SW                                           
    -------------------- 
    Selectivities by age               
    Year      3      4      5      6      7      8 
    ----    -----  -----  -----  -----  -----  ----- 
    1986    0.202  0.224  0.533  1.000  0.029  0.084 
    1987    0.696  0.627  0.524  0.962  1.000  0.071 
    1988    0.004  0.190  1.000  0.110  0.048  0.099 
    1989    0.194  0.300  0.279  1.000  0.056  0.154 
    1990    0.163  1.000  0.104  0.469  0.235  0.027 
    1991    0.549  0.797  1.000  0.671  0.495  0.298 
    1992    0.738  0.383  0.298  1.000  0.266  0.784 
    1993    0.552  0.577  0.441  0.384  1.000  0.326 
    1994    0.475  0.490  0.286  0.163  0.060  1.000 
    1995    0.669  1.000  0.542  0.496  0.332  0.352 
    1996    1.000  0.571  0.452  0.466  0.310  0.117 
    1997    1.000  0.882  0.635  0.493  0.587  0.430 
    1998    1.000  0.477  0.493  0.377  0.456  0.450 
    1999    0.463  1.000  0.822  0.535  0.580  0.852 
    2000    0.568  1.000  0.658  0.229  0.393  0.272 
    2001    0.231  0.756  1.000  0.845  0.782  0.659 
    2002    0.270  0.200  0.674  0.844  1.000  0.856 
    2003    0.299  0.239  0.159  0.677  0.708  1.000 
    2004    0.843  0.604  0.289  0.226  1.000  0.797 
    2005    0.555  0.842  0.576  0.220  0.196  1.000 
    2006    0.135  0.721  1.000  0.617  0.224  0.134 
 
    -------------------- 
    MRFSS                                              
    -------------------- 
    Selectivities by age               
    Year      2      3      4      5      6      7      8 
    ----    -----  -----  -----  -----  -----  -----  ----- 
    1981    0.042  0.229  1.000  0.419  0.211  0.201  0.136 
    1982    0.234  0.733  1.000  0.356  0.168  0.158  0.001 
    1983    0.650  1.000  0.110  0.217  0.114  0.015  0.027 
    1984    0.012  0.096  1.000  0.232  0.096  0.071  0.126 
    1985    0.857  0.764  0.282  0.763  1.000  0.681  0.112 
    1986    0.346  1.000  0.114  0.184  0.614  0.281  0.038 
    1987    0.597  1.000  0.486  0.317  0.313  0.346  0.097 
    1988    0.083  0.142  0.611  1.000  0.126  0.448  0.725 
    1989    0.614  1.000  0.388  0.835  0.270  0.084  0.120 
    1990    0.288  1.000  0.945  0.253  0.175  0.485  0.169 
    1991    1.000  0.455  0.553  0.491  0.297  0.306  0.333 
    1992    1.000  0.815  0.601  0.671  0.999  0.744  0.718 
    1993    0.545  0.593  0.520  0.441  0.393  1.000  0.365 
    1994    0.168  0.213  0.246  0.273  0.158  0.114  1.000 
    1995    0.483  0.575  1.000  0.765  0.929  0.781  0.832 
    1996    0.739  0.773  0.747  0.952  0.841  0.775  1.000 
    1997    0.845  1.000  0.931  0.915  0.757  0.796  0.796 
    1998    0.496  1.000  0.878  0.883  0.881  0.891  0.897 
    1999    0.500  0.661  1.000  0.771  0.449  0.600  0.764 
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    2000    0.231  0.765  1.000  0.718  0.291  0.495  0.275 
    2001    0.278  0.365  0.893  1.000  0.868  0.889  0.984 
    2002    0.819  0.374  0.212  0.813  0.970  0.862  1.000 
    2003    0.635  0.510  0.353  0.196  0.912  0.883  1.000 
    2004    0.748  0.530  0.434  0.221  0.153  1.000  0.813 
    2005    0.085  0.333  0.394  0.331  0.158  0.101  1.000 
    2006    0.151  0.156  0.908  1.000  0.640  0.288  0.164 
 
    -------------------- 
    TX_PWD                                             
    -------------------- 
    Selectivities by age               
    Year      2      3      4      5      6      7      8 
    ----    -----  -----  -----  -----  -----  -----  ----- 
    1986    0.002  0.042  0.085  0.402  1.000  0.588  0.556 
    1987    0.009  0.042  0.749  0.376  1.000  0.267  0.739 
    1988    0.002  0.045  0.343  1.000  0.246  0.406  0.690 
    1989    0.019  0.041  0.200  1.000  0.970  0.468  0.399 
    1990    0.000  0.043  0.168  0.209  0.429  1.000  0.014 
    1991    0.007  0.020  0.571  1.000  0.117  0.842  0.154 
    1992    0.031  0.047  0.081  1.000  0.056  0.266  0.033 
    1993    0.006  0.015  0.331  0.631  1.000  0.864  0.484 
    1994    0.037  0.128  0.875  0.372  1.000  0.813  0.059 
    1995    0.359  0.614  1.000  0.685  0.814  0.556  0.590 
    1996    0.382  0.655  0.791  1.000  0.814  0.786  0.585 
    1997    0.226  0.641  0.772  0.990  0.900  0.856  1.000 
    1998    0.189  0.733  0.640  0.801  0.863  1.000  0.975 
    1999    0.103  0.397  0.952  0.940  0.609  0.869  1.000 
    2000    0.048  0.308  0.772  1.000  0.497  0.562  0.483 
    2001    0.076  0.151  0.701  0.911  0.823  1.000  0.922 
 
    -------------------- 
    HeadBoat                                           
    -------------------- 
    Selectivities by age               
    Year      2      3      4      5      6 
    ----    -----  -----  -----  -----  ----- 
    1981    0.335  0.480  0.372  1.000  0.155 
    1982    0.382  0.450  1.000  0.925  0.198 
    1983    0.252  0.256  0.475  1.000  0.082 
    1984    0.266  0.324  0.667  1.000  0.155 
    1985    0.296  0.182  0.359  1.000  0.099 
    1986    1.000  0.651  0.158  0.407  0.368 
    1987    0.145  1.000  0.261  0.285  0.167 
    1988    0.259  0.331  0.648  1.000  0.124 
    1989    0.845  1.000  0.095  0.297  0.519 
    1990    0.160  0.964  1.000  0.093  0.077 
    1991    1.000  0.580  0.578  0.435  0.327 
    1992    0.390  0.821  1.000  0.112  0.562 
    1993    0.529  1.000  0.692  0.384  0.408 
    1994    0.261  1.000  0.702  0.248  0.224 
    1995    0.833  1.000  0.670  0.269  0.311 
    1996    0.994  1.000  0.900  0.777  0.630 
    1997    1.000  0.634  0.318  0.217  0.151 
    1998    0.763  1.000  0.856  0.618  0.471 
    1999    1.000  0.924  0.957  0.682  0.323 
    2000    0.289  1.000  0.857  0.558  0.279 
    2001    0.235  0.294  0.968  1.000  0.804 
    2002    1.000  0.331  0.166  0.686  0.650 
    2003    1.000  0.584  0.261  0.103  0.583 
    2004    1.000  0.373  0.323  0.135  0.066 
    2005    0.374  1.000  0.600  0.466  0.139 
    2006    0.144  0.143  1.000  0.567  0.268 
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    -------------------- 
    Charter_FL_NW                                      
    -------------------- 
    Selectivities by age               
    Year      2      3      4      5      6 
    ----    -----  -----  -----  -----  ----- 
    1988    0.074  0.167  0.826  1.000  0.136 
    1989    0.816  0.889  0.456  1.000  0.188 
    1990    0.625  1.000  0.474  0.392  0.286 
    1991    1.000  0.419  0.488  0.419  0.213 
    1992    1.000  0.657  0.342  0.271  0.381 
    1993    1.000  0.844  0.637  0.435  0.452 
    1994    1.000  0.797  0.812  0.617  0.469 
    1995    0.823  1.000  0.593  0.223  0.278 
 
    -------------------- 
    Charter_FL_SW                                      
    -------------------- 
    Selectivities by age               
    Year      3      4      5      6      7      8 
    ----    -----  -----  -----  -----  -----  ----- 
    1988    0.580  0.856  0.694  0.079  0.952  1.000 
    1989    1.000  0.461  0.847  0.344  0.037  0.223 
    1990    0.304  0.454  0.370  0.780  1.000  0.937 
    1991    0.370  0.496  0.213  0.489  0.495  1.000 
    1992    0.227  0.404  0.665  1.000  0.280  0.333 
    1993    0.147  0.243  0.446  0.441  1.000  0.186 
    1994    0.071  0.116  0.367  0.115  0.236  1.000 

 

3.1.2.6. Fishing Mortality 

Annual trends in fishing mortality are illustrated using Fcurrent, which is defined as the maximum 
F-at-age in a given year that results from a 3-year geometric mean of the age-specific values that 
end in that year (thus Fcurrent for 2000 is a running average for 1998, 1999 and 2000). In the 
Atlantic, the SEDAR 5 and continuity run estimates of Fcurrent are similar in magnitude and trend 
until the early 1990s and tend to differ thereafter (Figure 3.6). The continuity run generally 
produced lower estimates of Fcurrent. In the Gulf, the SEDAR 5 and continuity run estimates of 
apical F are similar until 1993 and tend to differ thereafter. The estimates produced by the 
continuity run tend to be larger than the estimates from SEDAR 5. 

Figure 3.6. Comparison of fishing mortality estimates from the SEDAR 5 F-ADAPT model and 
the VPA-2BOX continuity run. Fcurrent is calculated from 3-year running averages. 

0

0.1

0.2

0.3

0.4

0.5

0.6

1980 1985 1990 1995 2000 2005 2010

F 
cu
rr
en

t

Year

Atlantic SEDAR5

Continuity

0

0.1

0.2

0.3

0.4

0.5

1980 1985 1990 1995 2000 2005 2010

F 
cu
rr
en

t

Year

Gulf SEDAR5

Continuity

57 
SEDAR 16 SAR SECTION 3  ASSESSMENT WORKSHOP REPORT 



Gulf of Mexico and South Atlantic King Mackerel 

3.1.2.7. Stock-Recruitment Parameters  

There were no obvious spawner-recruit relationships for king mackerel in the Gulf or Atlantic 
(Figure 3.7), therefore it was necessary to assume a fixed S-R relationship for the calculation of 
management benchmarks and reference points. SEDAR 5 used a two-line (hockey-stick) S-R 
function constructed using data from years where recruitment and spawning stock were observed 
(for the continuity cases, Atl: 1989-2004 and Gulf: 1981-2004). By convention, the last two 
years were not used because they are estimated with high uncertainty by backwards recursive 
models such as VPA-2BOX. RMAX was set equal to the average recruitment during the years 
included. The SSB hinge was fixed at the mean of the five lowest observed SSB estimates in the 
Gulf (As per SEDAR 5). However, in the Atlantic, it was not possible to fix the SSB hinge using 
the SEDAR 5 logic because the resulting estimate of FSPR30 (the proxy for FMSY) was not 
estimable because it resulted in a replacement line (the inverse of the equilibrium SSB/R 
resulting from F30%) that did not intersect the expected stock-recruitment relationship. That is, 
F30% would be unsustainable according to the two-line stock-recruitment relationship that was 
assumed. Therefore, for the sake of comparison with SEDAR5, a constant recruitment (equal to 
the mean of the included observation) was used instead. The values used for calculation of 
management benchmarks are summarized in Table 3.17. 

 

Table 3.17. Stock recruitment parameters for the continuity cases.  

Region Type RMAX  (Age-1) SSB Hinge (millions of eggs) 
ATL Constant R 2.098E+06 0 

GULF Two line segments 4.336E+06 3693.2 
 

 

Figure 3.7. S-R functions fit to the results of the continuity cases. The solid line is the 2-line 
function fit to the data and used in the Gulf. The dashed line is the constant recruitment 
assumption used in the Atlantic.  
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3.1.2.8. Evaluation of Uncertainty 

Because the continuity cases are intended to be used for management advice, no evaluations of 
uncertainty were completed. 

3.1.2.9. Benchmarks / Reference Points / ABC values 

Benchmarks and reference points are shown in Table 3.18.  

Table 3.18. Management benchmarks and reference points for the continuity runs (See Table 
3.12 for an explanation of how different benchmarks were measured).   

 South Atlantic Gulf of Mexico 
MSST 3833. 6002. 
MFMT 0.35 0.29 
MSY (lbs) 7.03E+06 1.27E+07 
FMSY 0.35 0.29 
OY (lbs) 6.19E+06 1.08E+07 
FOY 0.21 0.25 
F 2006 0.27 0.43 
SSB 2006 7027. 8976. 
F 2006 / MFMT 0.79 1.46 
SSB 2006 / MSST 1.83 1.50 

 

Under the continuity model, both South Atlantic and Gulf king mackerel stocks are not judged to 
be overfished at the beginning of the 2005/06 fishing year.  Estimated fishing mortality rates 
during 2005/06 exceeded the maximum fishing mortality threshold in the Gulf but were below 
this level in the South Atlantic. 

 

 

3.2. MODEL 2 – BASE VPA 

3.2.1. Methods 

3.2.1.1. Overview  

The base VPA runs are intended to use all the data treatments and modeling choices 
agreed to by the SEDAR16 Assessment Workshop during its meeting in Miami and in 
subsequent conference calls and electronic mail exchanges. The VPA documentation evolved as 
different model and data choices were made by the Assessment Workshop Panel, sometimes 
based on the findings by the authors. This document (RW-01) reflects the final choices made 
before the Review Workshop. Readers interested in documentation of interim model runs can 
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consult earlier versions of the document which are available from SEDAR as AW-06 (4 May), 
AW-10 (27 May), AW-11 (10 June) and AW-12 (27 June). 

The base runs differ from the “Continuity Cases” in that they: 1) use the “50/50 mixing 
zone assumption” (i.e., that 50% of the fish caught in the mixing zone during Winter belong to 
the Gulf group and 50% to the Atlantic group);  2) include Age-0 in the Atlantic models; 3) 
estimate certain terminal-F (fishing mortality) parameters that had previously been fixed; 4) 
include updated life history information and catch-at-age information developed for, and 
recommended by the SEDAR 16 data workshop panel; 5) use a different method to estimate 
index selectivity by age from partial catches (Butterworth and Geromont, 1999); and, 6) use a 
different weighting scheme for the indices. Like the “Continuity Cases”, the Base Runs used the 
software program VPA-2BOX ver. 3.0.5.  

In an earlier version of this document (AW-12), VPA base runs were made with and 
without the application of a "recruitment patch" (replacing the 2005 and 2006 recruitments with 
values from the S-R relationship, and recalculating stocks sizes and F values for age 0 in 2005-
2006 and age 2 in 2006 based on the input catch values). Subsequent review through 
correspondence by the AW Panel revealed that the use of the recruitment patch could result in 
unexpected and illogical results. The results in this document are presented without the 
recruitment patch.  

3.2.1.2. Data Sources 

The general model structure and settings are discussed in Table 3.19. 

  

60 
SEDAR 16 SAR SECTION 3  ASSESSMENT WORKSHOP REPORT 



Gulf of Mexico and South Atlantic King Mackerel 

Table 3.19. Model settings and inputs used to construct the VPA base runs. 

Settings/Input Series VPA-2BOX Base Runs 

Stock Definitions 

Catches and indices calculated according to the 50:50 mixing zone assumption:   
     ATL stock - US Atlantic north of Volusia County, FL during Nov – Mar, and 
Monroe County FL and northward during Apr– Oct.  
     GOM stock -  US Gulf of Mexico from Texas to Collier County, FL during Apr - 
Oct and to Volusia County, FL during Nov- Mar. 

Fishing Year Like SEDAR5, catch and Indices estimated using “fishing year” definitions.  

Directed 
Landings/Discards 

Used updated SEDAR 16 landings estimates. For the recreational sector, used 
SEDAR 16 landings, discards and release mortality estimates. As per SEDAR 16 
recommendation, commercial discards were assumed to be negligible. Data for the 
base case VPA were prepared starting in 1981. 

Shrimp Bycatch Used Delta Lognormal Shrimp Bycatch estimates (SEDAR16-AW-07 for the Gulf 
and SEDAR16-DW-05 for the Atlantic) 

Catch-at-age 

For estimation of the CAA: updated growth von Bertalanffy parameters (SEDAR16-
DW-12) by sex and stock using observations collected outside of the MIX area.  CAS 
2001-2006 updated, sex at size ratios updated from 1985 through 2006.   ALK 
constructed by semester and used from 1984 to 2006, SAR only for 1981-84 years. 
recreational CAA adjusted to meet SEDAR 16 recommendations. 

Weight-at-Age Updated vector of weight at age estimated from the age samples and the updated 
weight-at-size relationship by sex and stock from samples from non-mixing areas. 

Indices of Abundance 
Used indices consistent with the “updated” approached recommended by SEDAR 16 
for SS3 and other updated model runs. 

Natural Mortality Used Lorenzen M vector developed at SEDAR16 DW and AW workshops. 

Terminal Year F-at-age 
Estimating all Terminal F’s for ages 0-11+ (GOM) and 1-11+ (ATL) with fixed ratio 
for last age class all years of 1 and using maximum likelihood estimation with 
lognormal error distribution for index variances. 

Annual F-Ratio 
Like SEDAR5, for each year F10 : F11+ was fixed at 1.0. This implies that the fishing 
mortality rate on the plus group is equal to the fishing mortality rate on age 10.  

 

The maturity series used for the VPA base runs was unchanged from the values reported in 
Table 3.2. However, the SEDAR16 DW and AW working groups constructed a new natural 
mortality function (Lorenzen, 1996) that varied with age and an updated fecundity-at-age vector. 
These biological functions are summarized in Table 3.20. Also, revised weight-at-age matrices 
were developed in five-year blocks (Tables 3.21 and 3.22). These weights at age are used to 
predict biomass in the VPA model in order to fit the indices that are calculated in weight. 
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Table 3.20. Biological functions used for VPA base runs.  

 Proportion Mature Fecundity 
(millions of female eggs) 

Natural Mortality 

Age Atlantic Gulf Atlantic Gulf Atlantic Gulf 
0 0.000 0.000 0.000 0.000 0.672 0.765 
1 0.548 0.157 0.130 0.155 0.256 0.274 
2 0.861 0.529 0.250 0.267 0.220 0.243 
3 0.924 0.704 0.388 0.395 0.199 0.222 
4 0.948 0.856 0.528 0.531 0.186 0.207 
5 0.970 0.989 0.662 0.669 0.176 0.196 
6 0.989 1.000 0.783 0.801 0.170 0.188 
7 1.000 1.000 0.890 0.926 0.165 0.182 
8 1.000 1.000 0.981 1.041 0.161 0.177 
9 1.000 1.000 1.058 1.145 0.158 0.173 

10 1.000 1.000 1.123 1.238 0.156 0.170 
11+ 1.000 1.000 1.288 1.524 0.152 0.162 

 

Table 3.21. Weight-at-age (whole, kg) matrix used the Atlantic base run.  

Year Age 0 Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8 Age 9 Age 10 Age 11
1981 0.240 1.508 2.863 3.872 4.836 5.805 6.908 7.760 8.552 9.318 9.719 11.400
1982 0.240 1.508 2.863 3.872 4.836 5.805 6.908 7.760 8.552 9.318 9.719 11.400
1983 0.240 1.508 2.863 3.872 4.836 5.805 6.908 7.760 8.552 9.318 9.719 11.400
1984 0.240 1.508 2.863 3.872 4.836 5.805 6.908 7.760 8.552 9.318 9.719 11.400
1985 0.240 1.508 2.863 3.872 4.836 5.805 6.908 7.760 8.552 9.318 9.719 11.400
1986 0.240 1.195 2.491 3.542 4.215 5.011 5.809 6.788 7.407 8.140 7.860 10.197
1987 0.240 1.195 2.491 3.542 4.215 5.011 5.809 6.788 7.407 8.140 7.860 10.197
1988 0.240 1.195 2.491 3.542 4.215 5.011 5.809 6.788 7.407 8.140 7.860 10.197
1989 0.240 1.195 2.491 3.542 4.215 5.011 5.809 6.788 7.407 8.140 7.860 10.197
1990 0.240 1.195 2.491 3.542 4.215 5.011 5.809 6.788 7.407 8.140 7.860 10.197
1991 0.240 1.741 2.842 3.608 4.486 5.199 6.199 6.933 7.540 8.419 9.128 11.029
1992 0.240 1.741 2.842 3.608 4.486 5.199 6.199 6.933 7.540 8.419 9.128 11.029
1993 0.240 1.741 2.842 3.608 4.486 5.199 6.199 6.933 7.540 8.419 9.128 11.029
1994 0.240 1.741 2.842 3.608 4.486 5.199 6.199 6.933 7.540 8.419 9.128 11.029
1995 0.240 1.741 2.842 3.608 4.486 5.199 6.199 6.933 7.540 8.419 9.128 11.029
1996 0.240 1.545 2.990 4.159 5.293 6.310 7.448 7.781 8.798 9.067 10.243 12.376
1997 0.240 1.545 2.990 4.159 5.293 6.310 7.448 7.781 8.798 9.067 10.243 12.376
1998 0.240 1.545 2.990 4.159 5.293 6.310 7.448 7.781 8.798 9.067 10.243 12.376
1999 0.240 1.545 2.990 4.159 5.293 6.310 7.448 7.781 8.798 9.067 10.243 12.376
2000 0.240 1.545 2.990 4.159 5.293 6.310 7.448 7.781 8.798 9.067 10.243 12.376
2001 0.240 2.043 3.073 4.123 5.056 6.133 7.391 8.482 9.465 10.988 11.776 12.432
2002 0.240 2.043 3.073 4.123 5.056 6.133 7.391 8.482 9.465 10.988 11.776 12.432
2003 0.240 2.043 3.073 4.123 5.056 6.133 7.391 8.482 9.465 10.988 11.776 12.432
2004 0.240 2.043 3.073 4.123 5.056 6.133 7.391 8.482 9.465 10.988 11.776 12.432
2005 0.240 2.043 3.073 4.123 5.056 6.133 7.391 8.482 9.465 10.988 11.776 12.432
2006 0.240 1.508 2.863 3.872 4.836 5.805 6.908 7.760 8.552 9.318 9.719 11.400  
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Table 3.22. Weight-at-age (whole, kg) matrix used the Gulf base run.  

Year Age 0 Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8 Age 9 Age 10 Age 11
1981 0.424 1.857 2.817 3.825 4.825 6.005 7.062 8.125 8.942 10.023 10.786 12.835
1982 0.424 1.857 2.817 3.825 4.825 6.005 7.062 8.125 8.942 10.023 10.786 12.835
1983 0.424 1.857 2.817 3.825 4.825 6.005 7.062 8.125 8.942 10.023 10.786 12.835
1984 0.424 1.857 2.817 3.825 4.825 6.005 7.062 8.125 8.942 10.023 10.786 12.835
1985 0.424 1.857 2.817 3.825 4.825 6.005 7.062 8.125 8.942 10.023 10.786 12.835
1986 0.424 1.429 2.630 3.697 4.953 6.605 7.425 8.463 9.388 10.601 10.791 14.727
1987 0.424 1.429 2.630 3.697 4.953 6.605 7.425 8.463 9.388 10.601 10.791 14.727
1988 0.424 1.429 2.630 3.697 4.953 6.605 7.425 8.463 9.388 10.601 10.791 14.727
1989 0.424 1.429 2.630 3.697 4.953 6.605 7.425 8.463 9.388 10.601 10.791 14.727
1990 0.424 1.429 2.630 3.697 4.953 6.605 7.425 8.463 9.388 10.601 10.791 14.727
1991 0.424 1.787 2.868 3.902 5.233 6.426 7.759 8.628 9.079 10.085 11.175 12.155
1992 0.424 1.787 2.868 3.902 5.233 6.426 7.759 8.628 9.079 10.085 11.175 12.155
1993 0.424 1.787 2.868 3.902 5.233 6.426 7.759 8.628 9.079 10.085 11.175 12.155
1994 0.424 1.787 2.868 3.902 5.233 6.426 7.759 8.628 9.079 10.085 11.175 12.155
1995 0.424 1.787 2.868 3.902 5.233 6.426 7.759 8.628 9.079 10.085 11.175 12.155
1996 0.424 1.989 3.166 3.912 4.842 5.877 6.802 8.342 10.015 10.783 11.792 13.103
1997 0.424 1.989 3.166 3.912 4.842 5.877 6.802 8.342 10.015 10.783 11.792 13.103
1998 0.424 1.989 3.166 3.912 4.842 5.877 6.802 8.342 10.015 10.783 11.792 13.103
1999 0.424 1.989 3.166 3.912 4.842 5.877 6.802 8.342 10.015 10.783 11.792 13.103
2000 0.424 1.989 3.166 3.912 4.842 5.877 6.802 8.342 10.015 10.783 11.792 13.103
2001 0.424 2.205 2.700 3.752 4.515 5.644 6.383 7.465 8.311 8.954 9.835 11.276
2002 0.424 2.205 2.700 3.752 4.515 5.644 6.383 7.465 8.311 8.954 9.835 11.276
2003 0.424 2.205 2.700 3.752 4.515 5.644 6.383 7.465 8.311 8.954 9.835 11.276
2004 0.424 2.205 2.700 3.752 4.515 5.644 6.383 7.465 8.311 8.954 9.835 11.276
2005 0.424 2.205 2.700 3.752 4.515 5.644 6.383 7.465 8.311 8.954 9.835 11.276
2006 0.424 1.857 2.817 3.825 4.825 6.005 7.062 8.125 8.942 10.023 10.786 12.835  

VPA models assume that the catch-at-age matrix is known without error.  As per the 
recommendation of the SEDAR16-AW panel, the catch-at-age matrices for the base VPA runs 
were constructed using a 50/50 mixing assumption which is defined as follows: 50% of the catch 
in the mixing zone in winter is of Atlantic origin, and 50% is of Gulf (Tables 3.23. and 3.24.) 
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Table 3.23. Catch-at-age (in numbers) for Atlantic base run. Includes dead recreational discards 
and shrimp bycatch. 

 

YEAR AGE 0 AGE 1 AGE 2 AGE 3 AGE 4 AGE 5 AGE 6 AGE 7 AGE 8 AGE 9 AGE 10 AGE 11+
1981 1572 40929 91967 490431 359065 159937 74445 17525 5139 2523 8351 15507
1982 34897 88275 56220 274298 393903 170238 67469 35987 12792 8784 30446 15783
1983 64856 246550 184379 234067 223375 119537 98117 17377 4571 1227 4499 32315
1984 60338 60613 33887 256122 252638 141253 96851 21031 2201 3595 32413 21815
1985 231157 69218 134553 167574 339599 206094 62100 19329 8846 6264 1005 16881
1986 1104 146195 286293 109075 190402 79391 58391 164003 34869 26607 27512 107085
1987 171 231329 209536 129585 89162 74306 67981 24842 80380 26685 9274 88328
1988 1297 21962 188306 270771 164366 47696 65171 62119 24525 82888 33379 124594
1989 23385 75982 100318 133043 129372 96741 64271 35773 31147 19153 65577 81245
1990 64146 166880 159263 98464 116713 98292 76958 34233 24323 30616 18295 95344
1991 25794 80550 361441 177752 93595 110514 114830 74359 49365 26212 16445 117714
1992 30063 41815 253265 380636 128437 83442 71408 75354 40497 25788 27152 102669
1993 21126 52521 75676 136504 147432 52545 37639 51894 60011 31136 20799 73749
1994 21055 59638 153657 83169 125439 128624 66221 30227 31045 39588 23865 48206
1995 40218 99525 183651 119362 85999 84583 125129 35526 29555 40281 34799 46256
1996 59534 66640 294068 157862 115708 66849 63368 95816 38594 23052 14197 45940
1997 15744 104769 280669 213815 124525 70935 48347 76698 80212 29690 11409 60274
1998 49479 31780 199182 240440 189582 92523 48052 29688 53866 57817 11148 37572
1999 32003 72939 132038 147317 169187 91638 43558 23088 17142 27102 24154 22189
2000 18381 17903 290034 146032 190138 112784 52595 21983 10509 13741 29812 48845
2001 7198 15128 81772 156970 117431 118936 89889 39866 11708 9313 8271 56460
2002 9125 58265 161012 103825 153478 69882 67433 37264 25372 9855 7550 27818
2003 15383 20473 214880 100530 107549 143371 57461 70612 37710 15067 7261 25253
2004 8185 50864 203405 203403 82847 84076 115092 35461 46820 22129 11820 20683
2005 7238 13391 321102 154233 139996 49147 40745 52422 19125 26862 10199 19198
2006 13120 15867 171738 302804 130615 152466 28085 25701 46692 6846 12034 39181
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Table 3.24. Catch-at-age (in numbers) for Gulf base run. Includes dead recreational discards and 
shrimp bycatch. 

 

YEAR AGE 0 AGE 1 AGE 2 AGE 3 AGE 4 AGE 5 AGE 6 AGE 7 AGE 8 AGE 9 AGE 10 AGE 11+
1981 563558 16502 32123 216871 193314 48635 27492 21808 9186 3956 4478 14377
1982 243454 54716 180776 153648 207284 149504 65765 17918 17540 20438 6619 175346
1983 476064 91748 189468 105003 26340 44481 30319 6440 9090 4724 1493 16195
1984 1508666 20567 57951 220927 127844 36116 49028 25614 4755 918 1861 17130
1985 732206 23940 56050 94130 72300 83910 31470 12844 18712 4959 1902 17167
1986 815006 36703 209494 80517 34943 54577 39512 12383 2971 6846 575 14812
1987 1477266 99255 77574 32265 25616 29870 16917 8010 4597 3468 2208 6704
1988 1695068 46813 97259 88300 64139 31361 68867 29739 6050 13561 13274 33536
1989 2743625 122445 163030 81732 70834 52482 12200 22971 10889 4445 6203 16935
1990 2093282 104655 163800 105030 73158 35254 37946 7373 18872 8489 1626 18612
1991 2019187 182252 240676 127600 70578 39801 27502 12904 4475 19490 5126 12161
1992 1466838 65491 200838 182078 103020 54354 47024 21010 34006 9313 16888 24785
1993 2812413 60138 146028 151588 134914 62068 36287 25513 24429 13000 1661 34235
1994 3138105 126336 154850 124591 162044 117838 68954 41251 24627 19865 39629 33969
1995 2742216 47871 174393 162710 103136 64878 67180 31299 17621 7851 10630 16723
1996 1376113 87094 242333 156665 86928 53091 35928 35028 27723 12873 2794 41110
1997 1348322 54227 153386 203561 103652 71213 45217 45932 29291 21473 8579 28477
1998 1193085 58339 118231 153169 168698 71258 39946 24472 17403 20184 9092 7159
1999 1210741 45716 127966 94029 116636 88794 28844 27385 19486 22445 3109 11011
2000 1078106 64037 134236 175846 98004 63813 28820 33574 8830 14003 10681 17482
2001 772155 48512 145760 146855 117572 69132 47701 42979 25854 7766 6992 28300
2002 641205 70633 204402 130239 112020 73224 39778 30365 30256 15391 7387 21823
2003 1542801 27247 151935 158851 96919 67925 58810 25398 25196 17727 15759 17722
2004 2888086 33563 230128 129788 105691 54044 42874 37388 10928 22677 6758 14034
2005 1909290 23552 164254 175586 122746 76873 52471 41831 29796 11442 10628 27227
2006 923292 20093 178244 203485 158511 107711 58659 42905 28343 16720 8995 28893

The VPA base runs used the same updated indices that were developed for the SEDAR 16 SS3 
runs. These are summarized in Table 3.25 and 3.26. Index CVs were used to estimate index 
variance.  
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Table. 3.25. Indices of abundance and index settings used for the Atlantic VPA base run. Indices 
were rescaled to the series-specific averages of the 1981-2006 time period when necessary for 
comparative purposes. 

 

Type of Index
Unit

Likely Applies to 
Ages
YEAR STDCPUE CV STDCPUE CV STDCPUE CV STDCPUE CV
1981 1.194 0.723 1.506 0.476
1982 1.386 0.650 0.757 0.497
1983 1.396 0.671 1.236 0.387
1984 1.487 0.648 0.769 0.295
1985 1.399 0.611 0.595 0.302
1986 4.424 0.532 0.734 0.235
1987 1.700 0.575 0.858 0.235
1988 1.202 0.576 0.816 0.238
1989 0.962 0.565 0.807 0.212
1990 0.879 0.591 2.377 0.158
1991 1.193 0.568 1.170 0.242 0.704 0.222
1992 0.946 0.576 1.517 0.224 0.843 0.241
1993 0.548 0.645 0.805 0.238 0.446 0.247
1994 0.700 0.068 0.355 0.679 0.614 0.249 0.708 0.232
1995 0.744 0.073 0.399 0.681 0.617 0.232 1.226 0.198
1996 1.125 0.069 0.342 0.677 0.464 0.240 2.261 0.168
1997 1.033 0.060 1.126 0.569 1.218 0.206 0.519 0.240
1998 1.056 0.060 0.544 0.617 1.243 0.209 1.786 0.200
1999 0.969 0.061 0.937 0.590 0.976 0.218 1.213 0.184
2000 0.986 0.059 0.811 0.605 1.854 0.209 0.816 0.221
2001 1.044 0.057 0.407 0.660 1.288 0.213 0.448 0.234
2002 0.907 0.069 0.188 0.779 0.886 0.241 0.506 0.211
2003 0.879 0.073 0.271 0.717 0.912 0.227 0.989 0.196
2004 1.292 0.058 0.462 0.649 0.896 0.223 0.619 0.357
2005 1.206 0.063 0.843 0.577 1.496 0.254 0.726 0.493
2006 1.058 0.066 0.598 0.621 1.147 0.219 1.006 0.221

Ages 1‐11+ Ages 1‐11+ Ages 1‐11+ Age 0 Mid‐Year

Fish. Dep. COM Fish. Dep. REC Fish. Dep. REC Fish. Independent
Weight Number Number Numbers

Trip Ticket ‐ NC PIDs 8+ MRFSS‐Atl‐No‐Mix HB‐Atl‐no‐Mix SEAMAP South Alt. 
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Table. 3.26. Indices of abundance and index settings used for the Gulf VPA base run. Indices 
were rescaled to the 1981-2006 time period when necessary. For the SEAMAP Groundfish 
Survey, values of 0.0 were replaced with the series minimum and the CV was set to the series 
average (SEDAR16 DW recommendation). 

Type of Index
Unit

Likely Applies to 
Ages
YEAR STDCPUE CV STDCPUE CV STDCPUE CV STDCPUE CV STDCPUE CV
1981 0.722 0.424 0.018 0.600
1982 0.467 0.407 0.018 0.600
1983 0.883 0.428 0.018 0.600
1984 0.501 0.390 0.101 0.911
1985 0.550 0.417 0.045 0.823
1986 0.451 0.338 0.677 0.184 0.085 1.080 0.116 0.534
1987 1.077 0.303 0.699 0.175 0.018 1.482 0.379 0.322
1988 0.710 0.324 0.809 0.194 0.122 0.527 0.613 0.437
1989 0.923 0.332 0.799 0.186 0.101 0.702 0.845 0.326
1990 1.292 0.318 0.558 0.170 0.162 0.409 0.648 0.321
1991 1.263 0.301 1.371 0.156 0.063 0.565 0.721 0.318
1992 1.002 0.293 1.234 0.153 0.096 0.559 0.596 0.237
1993 0.720 0.132 0.998 0.301 0.838 0.151 0.424 0.325 1.251 0.199
1994 0.881 0.101 1.243 0.290 1.205 0.133 0.183 0.480 1.050 0.231
1995 0.990 0.093 1.115 0.305 1.295 0.134 0.108 0.641 1.979 0.195
1996 0.974 0.078 1.322 0.299 1.437 0.142 0.087 0.532 0.741 0.265
1997 1.307 0.069 1.480 0.285 1.307 0.140 0.209 0.425 1.360 0.201
1998 1.288 0.068 1.083 0.286 1.084 0.145 0.224 0.413
1999 1.118 0.065 0.922 0.281 1.286 0.150 0.177 0.396 0.920 0.225
2000 1.068 0.062 1.213 0.276 0.890 0.153 0.202 0.480 0.922 0.273
2001 1.055 0.064 1.114 0.280 0.686 0.160 0.252 0.376 1.642 0.203
2002 0.994 0.061 1.239 0.276 0.729 0.150 0.144 0.536 1.451 0.214
2003 0.985 0.069 0.967 0.282 1.055 0.153 0.566 0.289 1.103 0.219
2004 0.923 0.073 1.019 0.281 0.654 0.162 0.450 0.308 1.478 0.211
2005 0.732 0.093 0.860 0.290 1.038 0.163 0.491 0.292
2006 0.966 0.083 1.584 0.276 1.351 0.149 0.381 0.369 1.187 0.253

Age 0 Ages 1‐11+ Ages 1‐11+ Ages 1‐11+ Ages 1 to 11+, using 
partial selection

Biomass Number Number NumbersNumbers
Fish. IndependentFish. Dep. REC Fish. Dep. REC Fish. Dep. REC Fish. Independent

Com Logboof Gulf‐No 
Mix

MRFSS‐Gulf‐No‐Mix HB‐Gulf‐no‐Mix
SEAMAP Fall Plankton 

(Larval)
SEAMAP Fall 
Groundfish

 

For most indices, selectivity (S) by age and year was estimated using partial catches. In the 
Atlantic there was one exception, the SEAMAP South Atlantic Trawl survey. This survey was 
assumed to index the abundance of age-0 king mackerel in October-November. Therefore, for all 
years S0was fixed to 1.0 and S1-11+ were fixed to 0.0. In the Gulf there were two exceptions: the 
Shrimp Bycatch (SEAMAP Fall Groundfish survey) GLM which was assumed to index age-0 
king mackerel (S0was fixed to 1.0 and S1-11+ were fixed to 0.0) and the SEAMAP 
Ichthyoplankton survey which was assumed to index spawning stock biomass and the selectivity 
pattern was fixed at maturity*fecundity-at-age. The partial catches used to estimate selectivity 
for each index are summarized in Tables 3.27 and 3.28. The equation used to estimate 
selectivity was that corresponding to Butterworth and Geromont (1999)  (see VPA-2BOX 
manual), instead of the Powers and Restrepo (1982) method. While the Powers and Restrepo 
approach allows selectivity at age to change every year, the Butterworth and Geromont approach 
computes an average selectivity pattern for the entire time period (1981-2006). 
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Table 3.27. Partial catches at age (numbers) used in the Atlantic VPA base run. 

Index Year Age 0 Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8 Age 9 Age 10 Age 11 

N
C

 T
rip

 T
ic

ke
t 

 

1981 0 1504 4919 30522 32629 4268 8986 153 239 59 253 896 
1982 40 32852 1510 22594 16388 13275 8784 5667 65 483 9966 473 
1983 3190 10865 4527 9850 23330 15344 11832 1890 1837 216 160 2651 
1984 9 9718 2586 4024 16817 10940 7474 4426 569 248 94 4108 
1985 3 4738 9130 8532 16293 19842 6716 5081 2589 1861 337 2795 
1986 37 7342 17967 8993 19344 7595 5549 17712 3050 2968 3569 11753 
1987 0 5863 12365 26358 15931 11586 12582 5459 17225 6166 1896 18692 
1988 0 675 9375 19895 15397 5171 4674 6513 2661 7688 3259 10586 
1989 0 5295 10702 17720 18285 13207 9450 4387 3322 2463 5914 7431 
1990 0 16135 25230 16424 23180 21449 16264 7603 4489 3971 2054 12173 
1991 0 2543 34410 26931 13234 14032 12930 8360 4304 1968 1321 7701 
1992 0 1104 20975 45638 18942 9619 7041 7609 4714 2607 1909 6113 
1993 40 2951 8926 15434 18020 6128 4967 5307 5626 3317 1861 6050 
1994 0 1967 12133 9653 12249 16300 11453 4540 4740 6810 3873 7160 
1995 0 2876 11556 12118 8915 9800 14178 4550 3691 5570 4520 3979 
1996 0 9873 55236 27256 16837 8677 7448 11680 4204 1645 1799 3878 
1997 0 4228 21785 21117 16116 7627 5887 9754 11524 4418 1678 6965 
1998 3 1404 31524 48158 27108 13262 5260 3172 4312 6171 1412 2643 
1999 0 11092 25162 26338 27829 11077 5480 1996 1989 2256 2152 2026 
2000 0 336 18488 14034 22654 14703 7700 2806 1324 1473 3004 4947 
2001 0 2370 5690 13311 13786 12383 10541 4957 2548 1279 2197 8823 
2002 66 5751 20231 7612 11692 8443 8731 5227 3531 1364 723 4593 
2003 0 636 17661 6549 8028 11278 3812 5051 2655 999 568 2048 
2004 0 13848 48800 34283 12643 8865 12398 3165 3878 1932 730 1543 
2005 0 1362 56377 28686 21449 7854 4655 7552 2211 4095 1534 2906 
2006 0 962 28832 44380 11078 15692 1910 2034 5422 772 3436 8193 

M
R

FS
S 

1981 0 8188 38184 130232 78134 88326 33724 4725 2467 476 3 8092 
1982 20446 34912 2532 100864 172443 68561 28449 16528 2047 6094 12271 5390 
1983 32513 147194 85315 110399 93197 42893 31364 9992 3 0 244 8459 
1984 42582 34124 13668 162449 137083 63195 59346 695 11 1548 23883 11213 
1985 176491 40223 76590 39543 189676 84440 28961 459 745 1392 6 2568 
1986 513 65220 108755 36962 65517 27845 16080 45779 10757 7323 7595 29585 
1987 0 134158 109577 49600 32163 26062 22879 7545 25233 8272 2589 26171 
1988 0 6270 74927 98384 54407 13778 16520 20673 7871 28362 9422 41576 
1989 0 30908 25645 42794 37957 26578 20457 11001 10208 6418 23999 25879 
1990 0 87568 50872 30377 45527 38966 28920 13053 8990 12983 8205 41375 
1991 0 34831 142445 48788 25190 37040 38765 24445 17712 8361 4856 42847 
1992 1873 22951 96435 143514 35934 26493 25760 30547 11829 9495 9606 42078 
1993 6132 30604 15722 44827 48784 15580 13635 23535 27277 13315 9402 37469 
1994 0 41402 55901 26393 42617 49990 21643 10632 12709 15981 8230 19727 
1995 0 70971 98465 44333 30418 31855 48138 10298 10192 16139 13574 17422 
1996 0 14772 73378 41192 36955 23884 25043 36619 11819 7313 6662 17402 
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1997 0 39696 99371 69327 42974 23200 19162 34005 35551 10599 4641 29042 
1998 1171 8472 63201 71747 47935 27521 14212 10052 22271 21902 3326 17565 
1999 0 37162 38884 62541 72558 36998 19874 9041 8417 13589 13542 11789 
2000 0 6218 169689 53926 93018 52625 22945 8162 5013 7002 17563 29404 
2001 0 6051 28773 64549 43052 55512 43799 19177 4125 3745 3852 31699 
2002 451 25332 27811 34422 70591 24671 31116 15686 10014 3379 2635 12134 
2003 0 10460 108202 35760 57796 87338 28917 43866 22829 7781 3240 14605 
2004 0 22642 38660 78059 25506 36416 54047 13918 23516 10647 6821 11380 
2005 0 5774 155331 54726 62701 16299 15131 22471 6800 11469 3678 5909 
2006 0 7063 73389 145726 55424 77017 9423 9466 21134 1624 5421 15563 

H
ea

db
oa

t 

1981 0 17710 24204 128409 58857 66710 25138 742 207 191 3830 7374 
1982 357 21793 600 47553 37759 11211 6929 2991 412 1191 7082 438 
1983 4089 111447 16974 31766 38074 8027 13794 1452 53 0 20 2296 
1984 38760 16159 7597 41634 44727 24793 22032 521 134 250 8991 4032 
1985 183115 26635 36220 28374 164470 73614 21068 1 448 1010 44 1951 
1986 68 6143 3863 1477 2885 1046 545 2389 351 324 392 1451 
1987 0 843 888 628 327 254 256 69 363 93 21 264 
1988 0 118 1497 1902 999 250 268 365 172 569 196 1009 
1989 0 926 696 875 781 552 437 232 208 139 448 622 
1990 0 7476 1533 883 1361 1086 765 336 214 286 157 844 
1991 0 965 4255 1330 629 968 986 603 439 199 107 1025 
1992 1 99 749 964 236 151 142 137 55 48 61 166 
1993 92 841 631 1030 1190 477 348 399 444 245 146 534 
1994 0 706 1645 623 1346 1190 826 294 373 469 189 837 
1995 0 803 982 415 345 438 606 136 146 254 185 228 
1996 0 129 576 516 435 247 257 376 158 103 60 184 
1997 0 1247 2497 1740 1326 880 550 865 896 322 110 681 
1998 15 108 17935 14123 9795 6585 4515 3020 6802 6753 1215 4048 
1999 0 965 430 634 478 199 132 55 77 83 114 70 
2000 0 63 1313 351 558 280 110 37 24 27 67 99 
2001 0 235 647 1294 806 1015 650 382 132 74 159 863 
2002 29 1614 1755 2317 4692 1778 2494 1261 841 263 172 1063 
2003 0 227 1304 309 437 630 178 286 145 49 22 108 
2004 0 717 742 982 302 399 602 175 279 147 79 212 
2005 0 57 1428 449 512 119 116 162 47 100 34 64 
2006 0 214 2196 4634 1369 1492 196 156 377 39 127 177 
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Table 3.28. Partial catches at age (numbers) used in the Gulf VPA base run. 

Index Year Age 0 Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8 Age 9 Age 10 Age 11 

C
om

m
er

ci
al

 L
og

bo
ok

 –
 G

ul
f N

o 
M

ix
 

1981 0 3 703 1240 1154 500 40 37 34 0 0 121 
1982 21 378 503 985 587 11 700 6 0 0 0 443 
1983 0 1065 3212 679 168 161 63 147 5 43 25 104 
1984 0 111 377 1815 592 41 257 57 1 1 28 35 
1985 0 2 18 361 279 203 17 42 24 2 0 9 
1986 5 194 554 2 50 60 53 3 14 2 10 12 
1987 0 2088 1309 252 167 199 73 55 24 12 5 26 
1988 8 279 692 341 166 77 226 68 11 35 33 120 
1989 0 6491 913 481 343 30 2 15 9 4 9 24 
1990 0 1301 1384 729 187 138 94 25 119 38 10 58 
1991 29 3172 3265 1100 462 587 273 141 32 337 52 119 
1992 0 2796 4525 2246 424 155 364 105 102 23 153 89 
1993 21 781 1295 2169 1540 582 257 494 155 73 22 591 
1994 0 4089 1411 1648 2335 2122 881 183 829 443 120 1048 
1995 4 252 620 550 734 561 664 300 126 156 139 182 
1996 0 5898 6904 4405 1296 1042 1265 753 168 44 108 273 
1997 0 2320 9104 9059 5377 2891 2464 3395 1121 319 0 1282 
1998 0 3159 2231 2914 1284 677 363 260 299 204 118 72 
1999 0 1843 1542 2780 3501 2443 1088 540 904 987 165 500 
2000 0 1005 2985 3118 2367 2038 541 1196 256 372 493 741 
2001 0 1059 2786 3346 2435 2313 2004 1698 1180 123 378 1028 
2002 5 2525 1848 2042 1911 941 829 828 752 364 114 526 
2003 0 2274 5758 3536 3066 2260 1235 602 961 506 414 543 
2004 0 539 1427 1382 1250 817 754 332 166 266 123 154 
2005 1 164 614 392 506 290 149 123 44 43 44 92 
2006 0 317 1728 1744 1021 1306 935 597 447 152 101 422 

M
R

FS
S 

1981 1068 2156 7145 41847 14425 2769 1550 1880 1917 0 0 345 
1982 1607 20562 37782 37429 4905 11347 1992 30 0 0 90 571 
1983 94 77651 98962 15428 1927 6354 1753 1884 498 502 0 7633 
1984 39806 6330 24190 109998 43561 1190 5170 6204 42 16 87 1706 
1985 4012 17349 24319 5808 6338 5665 3442 111 58 0 0 2200 
1986 3039 27599 99309 17326 11877 11523 8244 1011 331 120 0 1229 
1987 492 98316 74412 18767 13552 15500 7199 4749 2011 1022 655 1478 
1988 3445 50826 95571 72928 44262 19984 54535 15909 3105 8615 8507 17588 
1989 517 113466 86703 36915 29287 10915 1077 7648 2337 1645 1184 2842 
1990 0 77131 89827 49552 17065 9350 6722 1441 5912 2009 358 4932 
1991 1674 188231 193026 55409 23918 21880 7291 5755 1473 9004 2887 5764 
1992 0 35185 100586 69668 28111 19411 17048 9532 18466 3828 6699 13261 
1993 1177 48264 50118 67882 50679 20273 8613 11863 6340 3472 623 12987 
1994 0 94133 43423 38399 51762 36049 18038 6602 10778 5930 6326 9942 
1995 1518 23527 34532 29126 27246 21292 21969 11786 5563 3956 4537 6195 
1996 0 66450 90163 53444 28021 21906 20218 16637 10734 4526 1561 16539 
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1997 0 30159 83391 84134 43674 26516 19167 20989 10370 6359 1671 10800 
1998 0 48027 51515 69122 53603 26182 15056 9125 8550 5815 3466 2127 
1999 0 59123 45134 39316 43018 30448 11135 8981 7992 8628 1010 4123 
2000 0 44814 73905 66708 33365 18979 6433 10605 2097 3657 2887 4302 
2001 0 37468 51173 38974 25587 18102 14190 12556 9509 3464 2069 9316 
2002 137 59917 111944 56858 42353 24268 17109 13561 13095 6974 3041 9425 
2003 0 18165 63634 43070 33763 24194 15261 6806 8717 5210 4307 4711 
2004 0 26349 69598 36378 30941 17858 15349 10805 4344 6838 2792 4711 
2005 129 11677 50633 32972 32817 19070 13008 9591 6826 2760 2488 8976 
2006 0 22819 102724 84297 54069 47854 26749 17696 13102 7204 2933 12742 

H
ea

db
oa

t 

1981 3 990 446 985 699 369 92 14 58 0 0 123 
1982 3 990 446 985 699 369 92 14 58 0 0 123 
1983 3 990 446 985 699 369 92 14 58 0 0 123 
1984 3 990 446 985 699 369 92 14 58 0 0 123 
1985 3 990 446 985 699 369 92 14 58 0 0 123 
1986 302 4068 20317 5478 1272 2051 1199 554 0 123 0 25 
1987 6 1885 1250 389 289 292 159 85 44 30 24 26 
1988 56 874 1058 927 666 191 286 174 42 58 55 57 
1989 4 4172 9297 3069 960 862 90 221 62 39 4 61 
1990 0 5219 7086 3118 1397 559 435 51 241 85 18 294 
1991 44 3493 7537 2708 1138 673 279 172 56 194 49 94 
1992 0 4153 5998 4173 1485 888 434 204 510 83 50 198 
1993 85 1701 7781 4552 2561 900 389 214 367 153 6 210 
1994 0 1450 6494 2450 2513 1054 544 220 297 199 81 176 
1995 23 930 4503 3144 1232 484 426 121 51 45 33 36 
1996 0 3565 9044 5082 2435 1162 1016 701 419 259 52 408 
1997 0 3502 9300 4833 1239 476 252 239 115 68 43 63 
1998 0 3492 1844 1731 1441 476 198 108 56 58 26 8 
1999 0 2419 4453 2113 1800 1049 360 421 111 101 12 67 
2000 0 1102 3262 2784 933 495 198 215 53 68 33 54 
2001 0 405 1066 988 794 498 293 296 202 116 22 194 
2002 2 1085 1975 756 505 312 165 105 102 64 33 64 
2003 0 608 2676 1458 618 308 262 93 51 54 36 44 
2004 0 809 7307 1827 1217 470 398 574 102 389 47 139 
2005 6 1729 8130 3939 1694 752 341 312 198 66 49 187 
2006 0 280 4536 3868 2815 1102 487 404 189 213 45 239 

 

3.2.1.3. Model Configuration and Equations  

The model configuration and equations are identical to those described in Section 3.1.1.3. except 
that: 
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 1) Indices were weighted equally while preserving interannual variations (see document 
SEDAR 16-AW-09 Restrepo et al for the methodology used). This was accomplished by fixing 
the variance scaling parameters to the values in Table 3.29. 

Table 3.29. Fixed variance scalars used to equally weight the indices of abundance. 

Region Index Variance 
Scalar 

ATL NC_TT 0.574532 
MRFSS_ATL_NOMIX 0.000000 
HEADBOAT_NOMIX 0.512862 
SEAMAP_SA_TRAWL 0.525378 

Gulf COM_GULF_NOMIX 0.536934 
MRFSS_GULF_NOMIX 0.443338 
HEADBOAT_GULF_NOMIX 0.519944 
SEAMAP_GROUNDFISH 0.000000 
SEAMAP_PLANKTON 0.466586 

 

 2) The index vulnerabilities were estimated using partial catches fit using the method of 
Butterworth and Geromont (1999) rather than Powers and Restrepo (1992) method. While the 
Powers and Restrepo approach allows selectivity at age to change every year, the Butterworth 
and Geromont approach computes an average selectivity pattern for the entire time period. 

 3) In VPA applications, little information has accumulated for the most recent cohorts 
around the terminal year, such that the most recent estimates of fishing mortality (and 
abundance) are highly uncertain. This can result in, for example, extremely high or extremely 
low F values (or abundances) for different age classes in the terminal year. This can be alleviated 
by including a weak constraint on how much the estimated selectivity pattern is allowed to vary 
over a recent time period. The VPA will still estimate F (and abundance) values that will explain 
the catches at age exactly, but those estimates will be weakly linked through the constraint.  A 
penalty was used to constrain changes in selectivity during the most recent three years. This 
penalty (SD = 0.4) was applied to ages 3 – 9. (In undocumented runs, the analysts tried SD 
values of 0.3, 0.4 and 0.6 and they made negligible differences) 

3.2.1.4. Parameters Estimated 

For the VPA base runs, the age-0 to age-10 terminal F parameters were estimated using the 
following initial conditions and settings (Table 3.30). The plus group Terminal F was fixed at 
the value estimated for Age-10. In addition, a catchability coefficient was estimated for each 
index. 

 

 

72 
SEDAR 16 SAR SECTION 3  ASSESSMENT WORKSHOP REPORT 



Gulf of Mexico and South Atlantic King Mackerel 

Table 3.30. Terminal F settings and initial conditions used for the base case and sensitivity runs.  

 Atlantic Gulf 
 Initial Value Fixed or Estimated? Initial Value Fixed or Estimated? 

Age 0 0.15 Estimated 0.15 Estimated 
Age 1 0.15 Estimated 0.15 Estimated 
Age 2 0.15 Estimated 0.15 Estimated 
Age 3 0.15 Estimated 0.15 Estimated 
Age 4 0.15 Estimated 0.15 Estimated 
Age 5 0.15 Estimated 0.15 Estimated 
Age 6 0.15 Estimated 0.15 Estimated 
Age 7 0.15 Estimated 0.15 Estimated 
Age 8 0.15 Estimated 0.15 Estimated 
Age 9 0.15 Estimated 0.15 Estimated 

Age 10 0.15 Estimated 0.15 Estimated 

Age 11+ - Fixed equal to Terminal F 
at Age-10 - Fixed equal to Terminal F at 

Age-10 

 

3.2.1.5. Uncertainty and Measures of Precision 

Estimation uncertainty was determined by running 1000 non-parametric bootstraps of the index 
residuals. These bootstraps allow computation of the maximum likelihood estimate (MLE), 
bootstrap average, bias, standard error and coefficients of variation (CVs) for each parameter. In 
addition, bootstrapping allows the computation of upper and lower 80% confidence intervals on 
the annual estimates of SSB, R and F (illustrated with dashed lines in the figures below). 

3.2.1.6. Methods Used to Compute Benchmark / Reference Points 

Benchmarks and reference points were calculated using the proposed/alternative management 
criteria4 (Table 3.31).  

Table 3.31. Alternative/Proposed management criteria for the Gulf and South Atlantic regions. 

Criteria Definition – Proposed/Alternative 

South Atlantic Gulf 
MSST MSST = [(1-M) or 0.5 

whichever is greater]*BMSY 
MSST = [(1-M) or 0.5 
whichever is greater]*BMSY 

MFMT FMSY FMSY 
MSY Yield at FMSY Yield at FMSY 
FMSY FMSY FMSY 
OY Yield at FOY Yield at FOY 
FOY FOY =65%, 75%, 85% FMSY FOY =65%, 75%, 85% FMSY 
M 0.1603 (Base of Lorenzen M) 0.1738(Base of Lorenzen M) 

 
There are a number of ways in which FMSY could be estimated. For example, the results 

of a VPA can be used to estimate a spawner-recruit relationship. That relationship, combined 
with the yield-per-recruit calculations, can be used to compute equilibrium recruitment, biomass 
and yield, under different F levels (see Sissenwine and Shepherd 1987). Thus, the VPA and the 

                                                 
4 Management Overview, Section I, SEDAR 16 Stock Assessment Report 
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per-recruit models could, in essence, be combined into an age-structured production model. The 
Assessment Workshop chose not to fit freely a stock-recruitment relationship to the VPA 
estimates of SSB and recruitment, but rather to fix a relationship which predicted nearly-constant 
recruitment. In such a situation of nearly-constant recruitment, FMSY would be approximately 
equal to FMAX, the F that maximizes yield-per-recruit. However, since recruitment is not likely to 
remain constant at low SSB levels, FMAX is likely to overestimate FMSY. 

The use of a SPR-based proxies for FMSY is recommended when there is no evidence of a 
strong stock-recruitment relationship, as is the case with Atlantic and Gulf king mackerels. The 
Assessment Workshop chose to continue using FSPR30% as a proxy for FMSY, as used for king 
mackerels since the late 1990s. Therefore, the benchmarks are measured as follows: 

FMSY: Estimated by the proxy F30%SPR 
BMSY = Estimated by the equilibrium SSB resulting from fishing at F30% and assuming 
the equilibrium stock-recruitment relationship below. 
MSY = Estimated by the equilibrium yield resulting from fishing at F30% and assuming 
the equilibrium stock-recruitment relationship below. 

 
The following treatments of the data and assumptions have been used in making the 
corresponding calculations: 

Current F (FCurrent):  FCurrent vector at age was calculated from the geometric mean of the 
age-specific F values for the most recent three years (2004-2006). In this document, when 
a single value is used for Fcurrent, it refers to the highest value in the vector.. 

Current Selectivity: selectivity was computed by re-scaling the Fcurrent vector to a 
maximum value of 1. 

SSB: SSB is computed as the product of numbers at age at the beginning of each year, 
times maturity, times fecundity (thus the acronym "SSB" does not really reflect spawning 
stock biomass, but egg production instead) 

Expected spawner-recruit relationship: Assumed a Beverton-Holt relationship with a 
steepness of 0.95 (i.e. recruitment is nearly constant at most levels of SSB). 

As an example, these are the steps followed to compute the benchmarks associated with F30%: 

i) Fit the VPA model 
ii) Estimate the geometric mean F at age values for 2004-2006 (current F); compute 
current se tivity  lec

 
iii) Fit a Beverton-Holt stock recruitment relationship of the type  

    , fixing steepness = 0.95. 
iv) Using the life history values for M, weights, maturity, fecundity, and current 
selectivity, calculate: 
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 F30%SPR (the F that results in egg production per recruit that is 30% of the unfished 
level) 
 SPR30%, the resulting egg production per recruit 
  res g yield per recruit YPR30%, the ultin

equilibriu  lev
 %  , the equilibrium SSB (egg production) 
v) Calc m els for the associated benchmarks ulate 

 
     , the
   % 

 equilibrium recruitment 

 

3.2.1.7. Projection methods  

Following the recommendation of the SEDAR AW panel, projections of the population 
dynamics of each stock used a stock recruitment relationship estimated assuming a constant 
relative recruitment. The S-R relationship was defined using a fixed high steepness (0.95) and a 
Berverton-Holt S-R function. Maximum expected recruitment was set equal to the geometric 
mean of VPA estimated recruits over the years for which indices of stock and recruitment were 
both available (1981-2004 GOM and 1989-2004 ATL). 

Projections were run to 2016 using the projection software PRO-2BOX (Porch, 2002b). 
To estimate the variance of the projection, 1000 bootstraps were run off the VPA results. 
Although the alpha and beta parameters of the S-R relationship were fixed, the predicted 
recruitment of each bootstrap was allowed to vary with a CV calculated from the SSB-R 
observations.  

 
Seven types of projections at constant F were made for the period 2007-2016: 

1. Project at FCurrent 
2. Project at FMSY (= FSPR30) 
3. Project at FSPR40 
4. Project at FOY (=65% FSPR30) 
5. Project at FOY (=75% FSPR30) 
6. Project at FOY (=85% FSPR30) 

The AW terms of reference require the calculation of Allowable Biological Catches (ABCs). The 
selection of what constitutes an ABC amongst several candidates is a management choice, so the 
projection results presented in a subsequent section do not identify any particular ABCs. Instead, 
yields (total removals) are presented for the six scenarios mentioned above. The terms of 
reference (Item 8) call for four sets of calculations: 

A) Based on migratory groups and mixing zone dynamics defined using best available 
scientific information, provide separate ABC values for each of two management areas 
delineated at the Miami-Dade/Monroe County line: all fish caught north of the line 
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allocated to the Atlantic management area and all fish caught south of the line allocated 
to the Gulf management area. 

B) Based on migratory groups and mixing zone dynamics as currently defined, provide 
separate ABC values for the Gulf and Atlantic Migratory Units based on allocating all 
fish in the mixing zone to the Gulf Migratory Unit (essentially the ‘continuity’ approach).  

C) Based on migratory groups and mixing zone dynamics as currently defined, provide 
separate ABC values for the Gulf and Atlantic migratory units based on allocating 50% 
of the fish in the mixing zone to the Gulf Migratory Unit and 50% of the fish to the 
Atlantic Migratory Unit. 

D) Based on migratory groups and mixing zone dynamics defined using best available 
scientific information, provide separate ABC values for each of two management areas 
delineated at the Gulf and South Atlantic Council boundaries 

Item 8B is addressed by the projections based on the "status quo" assessment where 100% of the 
fish in the winter mixing zone are assumed to be from the Gulf unit. Item 8C is addressed by 
projections from what the AW Panel has adopted as the base case. 

Items 8A and 8D above ask for corresponding run streams under various yields by jurisdictional 
boundaries (regardless of migratory unit). Since the VPAs and projections treat each stock 
independently, one must infer the ABCs that would apply to a given jurisdictional boundary 
from the projections of each migratory group. To do this, one needs to know what fraction of 
each migratory unit is caught North (and South) of the jurisdictional boundaries in question. For 
example, consider the case where the projected yield (catch in weight) of the Atlantic migratory 
unit is Y(Atlantic) and for the Gulf unit is Y(Gulf). The fraction of the Atlantic unit caught North 
of the boundary is Ω(Atlantic North) and the fraction of the Gulf unit caught North of the 
boundary is Ω(Gulf North). Then the appropriate quota for North of the boundary is Y(Atlantic)* 
Ω (Atlantic North) + Y(Gulf)* Ω(Gulf North). The appropriate quota for south of the boundary 
is, correspondingly, Y(Atlantic)*(1- Ω(Atlantic North)) + Y(Gulf)*(1- Ω(Gulf North)). 

In these analyses, Ω(Atlantic North) and Ω(Gulf North) are computed by use of observed catch 
data (averages over the last three years where of complete data, 2004-2006). Thus Ω(Atlantic 
North) = the catch in weight of Atlantic fish caught North of the jurisdictional boundary divided 
by the total catch in weight of all Atlantic fish. 

Because 8C was accepted by the AW as the best available scientific information, this base case 
run is used as the starting point for calculating 8A and 8D. TOR 8A is addressed by applying the 
catch ratios defined using the Dade/Monroe jurisdictional boundary to the projection results from 
TOR 8C. Likewise, TOR 8D is addressed by applying the catch ratios defined using the current 
US-1/Dry Tortugas jurisdictional boundary to the projection results from TOR 8C. 
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3.2.2. Results  

3.2.2.1. Measures of Overall Model Fit  

The model fit was assessed using the objective function, likelihood statistics (Table 3.32) and 
the fits to the indices of abundance (Figures 3.8 and 3.9). AIC, AICC and BIC values are also 
summarized in Table 3.32, but these are not directly comparable across model with different 
numbers of parameters. The base models did not incur any out-of-bounds penalties. The non-
zero values for the constraint on terminal F were caused by a penalty applied to limit changes in 
vulnerability during recent years (2004-2006, Ages 3-9, SD=0.4). 
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Table 3.32 Likelihood Statistics for base models. Loglikelihood measures of model fits to the 
indices of abundance and associated information criteria. The acronyms AIC, AICc and BIC 
refer to Akaike's Information criteria, AIC with small sample correction, and the Bayes 
Information Criteria. The Chi-square discrepancy statistic (Gelman et al., 1995) is approximately 
chi-square distributed with degrees of freedom equal to the number of data points less the 
number of parameters. Note that these statistics can only be compared across models that use the 
same data. 

 

Model
Total objective function
(with constants)
Number of parameters
Number of data points
AIC 
AICC
BIC
Chi‐square discrepancy

Loglikelihoods (deviance)
effort data 

Log‐posteriors
catchability
f‐ratio
natural mortality
mixing coeff. 

Constraints
terminal F  
stock‐rec./sex ratio 

Out of bounds penalty

Log Likelihoood: Indices of Abundance
Index 1 NC_TT 6.47 COM_GULF_NOMIX 6.79
Index 2 GULF_MIX Not Used MRFSS_GULF_NOMIX 11.69
Index 3 MRFSS_ATL_NOMIX 3.22 HEADBOAT_GULF_NOMIX 8.33
Index 4 HEADBOAT_NOMIX 6.55 SEAMAP_GROUNDFISH ‐4.77
Index 5 SEAMAP_SA_TRAWL 2.99 SEAMAP_PLANKTON 5.27

0

19.23

0

0

10.34
10.34
0

127.13
155.66
58.79

0
0
0

44.87
15
81

119.75

0
0

8.23
8.23

0

ATL‐Mix50%

19.22
19.22

‐35.54
61.87
16
106

155.74
161.86
198.36
57.18

GOM‐Mix50%
‐29.56

0
0
0

27.31

27.3
27.3

0

The fits to the abundance indices are summarized in Figures 3.8 and 3.9. In the Atlantic, the fits 
to the indices of abundance were generally poor, although the predicted trends are roughly 
similar to the observed series.   
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Figure 3.8. Fits to the indices of abundance for the Atlantic base case. 

 

In the Gulf, the fits to the indices of abundance are generally better, particularly the fishery-
independent ones that have an upward trend in recent years (Figure 3.9). The Gulf of Mexico 
commercial index is not fit well. As per the instructions of the SEDAR 16 AW panel, the indices 
were weighted such that the interannual variations were preserved, but the overall variances were 
equal for all indices. Using this weighting scenario, it was not possible to closely fit the 
commercial index because it conflicts (in trend) with the majority of the other indices. However, 
the AW felt that the lack of fit to the fisheries-dependent indices was justified by the closer fit to 
the SEAMAP groundfish and Ichthyoplankton surveys. These are fisheries independent, and as 
such, the panel argued that they should be fit reasonably well, even at the expense of the 
commercial index. Because the various indices conflict in trends, the choice of how the indices 
are weighted has a substantial impact on the results.  
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Figure 3.9. Fits to the indices of abundance for the Gulf base case. 

 

3.2.2.2. Parameter estimates & associated measures of uncertainty 

Parameter estimates and the associated maximum likelihood estimate (MLE), bootstrap average, 
bias, standard error and coefficients of variation (CVs) are summarized in Tables 3.33 and 3.34.  
In addition, upper and lower 80% confidence intervals on the annual estimates of SSB, R and F 
(illustrated with dashed lines) were calculated from the non-parametric bootstraps.  
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Table 3.33. Final values for estimated parameters of the Atlantic base runs.  

TERMINAL AGE STRUCTURE OF POPULATION ABUNDANCE 
                  Average of               Std.               
  Age      MLE    bootstraps    Bias       Error   % CV       
  ---  ---------- ---------- ---------- ---------- -----      
    1   0.240E+07  0.276E+07  0.374E+06  0.145E+07  52.4 
    2   0.142E+07  0.168E+07  0.207E+06  0.107E+07  63.6 
    3   0.919E+06  0.110E+07  0.163E+06  0.737E+06  66.9 
    4   0.127E+07  0.125E+07  0.194E+05  0.369E+06  29.6 
    5   0.456E+06  0.436E+06  0.227E+04  0.113E+06  26.0 
    6   0.322E+06  0.292E+06  0.317E+04  0.800E+05  27.4 
    7   0.895E+05  0.723E+05 -0.785E+03  0.205E+05  28.4 
    8   0.840E+05  0.705E+05  0.216E+04  0.198E+05  28.1 
    9   0.995E+05  0.968E+05  0.764E+04  0.324E+05  33.5 
   10   0.301E+05  0.335E+05  0.565E+04  0.149E+05  44.5 
   11   0.281E+06  0.348E+06  0.674E+05  0.179E+06  51.5 
 
TERMINAL AGE STRUCTURE OF FISHING MORTALITY RATE 
                  Average of               Std.               
  Age      MLE    bootstraps    Bias       Error   % CV       
  ---  ---------- ---------- ---------- ---------- -----      
    0   0.383E-02  0.439E-02  0.535E-03  0.228E-02  52.0 
    1   0.978E-02  0.120E-01  0.263E-02  0.727E-02  60.4 
    2   0.154E+00  0.183E+00  0.320E-01  0.103E+00  56.3 
    3   0.194E+00  0.212E+00  0.118E-01  0.585E-01  27.6 
    4   0.231E+00  0.253E+00  0.119E-01  0.599E-01  23.7 
    5   0.359E+00  0.409E+00  0.167E-01  0.934E-01  22.9 
    6   0.252E+00  0.322E+00  0.212E-01  0.796E-01  24.7 
    7   0.247E+00  0.305E+00  0.906E-02  0.733E-01  24.0 
    8   0.358E+00  0.393E+00  0.846E-03  0.102E+00  25.9 
    9   0.190E+00  0.196E+00 -0.810E-02  0.637E-01  32.5 
   10   0.156E+00  0.152E+00 -0.410E-02  0.567E-01  37.4 
   11   0.156E+00  0.152E+00 -0.410E-02  0.567E-01  37.4 
 
CATCHABILITY COEFFICIENTS 
                       Average of               Std.            
 Index         MLE    bootstraps    Bias       Error   % CV    
 -----  ----  ---------- ---------- ---------- ---------- -----   
NC_TT        0.497E-07  0.501E-07 -0.209E-08  0.677E-08  13.5 
MRFSS_NoMix  0.242E-06  0.235E-06 -0.466E-07  0.279E-07  11.9 
HB_NoMix     0.349E-06  0.342E-06 -0.379E-07  0.356E-07  10.4 
SEAMAP Trawl 0.335E-06  0.337E-06 -0.455E-07  0.470E-07  13.9 
 

Table 3.34. Final values for estimated parameters of the Gulf base runs.   

TERMINAL AGE STRUCTURE OF POPULATION ABUNDANCE 
                  Average of               Std.               
  Age      MLE    bootstraps    Bias       Error   % CV       
  ---  ---------- ---------- ---------- ---------- -----      
    1   0.687E+07  0.779E+07  0.159E+07  0.406E+07  52.2 
    2   0.589E+07  0.631E+07  0.118E+07  0.264E+07  41.9 
    3   0.495E+07  0.561E+07  0.760E+06  0.170E+07  30.3 
    4   0.204E+07  0.183E+07  0.249E+06  0.601E+06  32.8 
    5   0.817E+06  0.961E+06  0.635E+05  0.234E+06  24.3 
    6   0.478E+06  0.511E+06  0.402E+05  0.121E+06  23.7 
    7   0.277E+06  0.301E+06  0.261E+05  0.657E+05  21.8 
    8   0.162E+06  0.181E+06  0.236E+05  0.452E+05  25.0 
    9   0.114E+06  0.132E+06  0.233E+05  0.446E+05  33.8 
   10   0.150E+06  0.129E+06  0.166E+05  0.426E+05  32.9 
   11   0.387E+06  0.261E+06  0.254E+05  0.983E+05  37.7 
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TERMINAL AGE STRUCTURE OF FISHING MORTALITY RATE 
                  Average of               Std.               
  Age      MLE    bootstraps    Bias       Error   % CV       
  ---  ---------- ---------- ---------- ---------- -----      
    0   0.853E-01  0.947E-01  0.634E-03  0.478E-01  50.4 
    1   0.296E-02  0.327E-02 -0.135E-03  0.140E-02  42.9 
    2   0.313E-01  0.301E-01 -0.184E-02  0.888E-02  29.5 
    3   0.853E-01  0.104E+00 -0.397E-02  0.357E-01  34.2 
    4   0.160E+00  0.145E+00 -0.170E-02  0.340E-01  23.4 
    5   0.185E+00  0.183E+00 -0.509E-02  0.405E-01  22.2 
    6   0.176E+00  0.170E+00 -0.727E-02  0.355E-01  21.0 
    7   0.216E+00  0.205E+00 -0.162E-01  0.457E-01  22.3 
    8   0.203E+00  0.196E+00 -0.181E-01  0.575E-01  29.4 
    9   0.973E-01  0.123E+00 -0.460E-02  0.385E-01  31.3 
   10   0.862E-01  0.141E+00  0.337E-02  0.526E-01  37.2 
   11   0.862E-01  0.141E+00  0.337E-02  0.526E-01  37.2 
 
CATCHABILITY COEFFICIENTS 
                        Average of               Std.            
 Index          MLE    bootstraps    Bias       Error   % CV    
 -----  ----  ---------- ---------- ---------- ---------- -----   
COM_NoMix     0.532E-07  0.600E-07 -0.366E-08  0.768E-08  12.8 
MRFSS_NoMix   0.183E-06  0.203E-06 -0.130E-07  0.210E-07  10.3 
HB_NoMix      0.258E-06  0.270E-06 -0.238E-07  0.271E-07  10.0 
SEAMAP GF     0.296E-06  0.271E-06 -0.603E-07  0.373E-07  13.8 
SEAMAP ICH    0.461E-06  0.488E-06 -0.574E-07  0.612E-07  12.5 
 
 

3.2.2.3. Stock Abundance and Recruitment  

The annual estimates of number-at-age are tabulated in Tables 3.35 and 3.36, and in Figure 
3.10. The abundance of king mackerel Age 1+ has declined in the Atlantic region. In the Gulf, 
numbers of Age 1+ king mackerel increased slowly between 1980 and 2003, then increased 
rapidly.  

 

Figure 3.10. Annual trend in abundance (number of fish Ages 1+) for base models. 

In the Atlantic, estimated recruitment at age-0 varied without obvious trend, ranging from 2.2 
million in 2000 to 8.6 million in 1989 (Figure 3.11). In the Gulf, recruitment at age-0 has varied 
substantially, ranging from 2.0 million in 1983 to 22 million in 2004 (Figure 3.11). During 
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recent years recruitment has been quite high, averaging 19 million since 2003. These large 
recruitment estimates are likely driven by the steep increase in the SEAMAP Fall Groundfish 
Survey which indexes the abundance of Age-0 king mackerel and has increased more than 5-fold 
since the early 1980s. 

 

 

Figure 3.11. Annual trend in recruitment (Age-0) for base models. Upper and lower 80% 
confidence intervals are indicated with dashed lines. Recruitment estimates for 2005 and 2006 
are not shown since they are replaced in the VPA with values from the S-R relationship. 

Table 3.35. Number at age for the Atlantic base model.  

Age 0 Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8 Age 9 Age 10 Age 11+
1981 5593383 2710452 3945190 2173141 1093596 754460 237837 1062496 106668 463557 92158 170766
1982 4610921 2855598 2063235 3082396 1339185 583719 486828 132819 884993 86060 393307 203455
1983 3758930 2330487 2134125 1604767 2277697 755897 334568 349114 79698 741489 65356 468433
1984 5524883 1874371 1589071 1547356 1103753 1688776 524720 192824 280115 63627 631709 424253
1985 7178154 2779446 1398465 1244368 1036952 687809 1286843 354272 144224 236399 50989 854626
1986 4902068 3504362 2091859 1001742 868384 554264 389261 1029155 282696 114614 195982 761223
1987 2906274 2502871 2585807 1422831 722288 548678 392264 275089 722361 208550 73357 697206
1988 3904312 1484200 1735818 1887202 1048715 518921 392211 268875 210486 540901 153414 571471
1989 8626111 1993138 1130185 1224445 1302042 721843 391503 271393 171116 156598 385333 476405
1990 5733484 4389240 1476980 817067 883112 963861 516917 271615 197333 117028 116009 603318
1991 2551245 2883301 3252968 1042717 580591 627492 718353 365836 198933 145592 71748 512524
1992 3119440 1284918 2162356 2287046 694141 397277 425331 501202 242101 124021 100137 377877
1993 3466691 1572122 958451 1508708 1530777 460031 257054 293639 355927 168847 82129 290618
1994 5263048 1755730 1171486 701281 1112825 1137419 337725 182499 201440 247797 115455 232732
1995 5812846 2673228 1307443 802743 499522 810315 836194 224480 127049 142919 175045 232194
1996 5294990 2940602 1983040 885108 550078 336857 602139 591216 157787 81008 84980 274413
1997 2953842 2662584 2218917 1328687 582959 351981 221501 450156 413507 98881 47966 252888
1998 5305202 1497574 1970197 1529698 895899 371309 230461 142752 311425 278275 57133 192155
1999 2622388 2674857 1131931 1402722 1036567 572242 227080 150576 93855 215569 184322 168971
2000 2207926 1316909 2007590 790244 1016283 707397 396191 151817 106519 64135 159019 260003
2001 4579475 1114774 1004182 1351954 515916 671633 490218 286229 108583 80995 42100 286790
2002 3822839 2333841 850072 732527 966023 322087 454663 331518 206164 81650 60548 222620
2003 6980102 1946049 1756362 538576 506540 663052 206377 322012 246947 152143 60608 210345
2004 3418515 3554155 1489177 1217288 350712 323221 425297 121721 208387 175524 115965 202491
2005 *** 1740207 2707911 1013260 814041 216229 194471 253856 70781 134384 129422 243099
2006 *** 1848046 1335971 1885841 691134 549091 136525 126881 167242 42702 89983 292357  
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Table 3.36. Number at age for the Gulf base model. 

Age 0 Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8 Age 9 Age 10 Age 11+
1981 4488421 1326707 862115 1012233 737862 189403 121000 101682 75045 27834 151538 484701
1982 4006059 1718337 994357 647929 618066 426837 111861 75373 64971 54498 19798 522652
1983 1962367 1703323 1258927 621035 382525 317334 216502 33821 46577 38485 27260 294593
1984 6394093 604404 1215392 820788 404021 287281 220621 151888 22346 30745 28054 257270
1985 4474755 1996126 441666 902268 461410 214209 203466 138417 103352 14394 25022 224999
1986 3719810 1603043 1496844 297096 638830 310222 100768 140052 103711 69546 7595 194926
1987 5269426 1200873 1186903 989739 166530 487886 205703 47883 105494 84183 52239 158017
1988 7701647 1498560 826940 862627 763978 112391 373916 155072 32641 84192 67638 170265
1989 8990647 2481495 1098694 563006 612272 563408 64142 247417 102270 21837 58433 158939
1990 8475110 2418753 1780382 718353 378202 434115 415564 42094 185371 75753 14312 163212
1991 6435513 2586881 1748102 1252211 481897 241869 324876 309862 28394 138097 55961 132270
1992 5871846 1697331 1808686 1159366 889302 328406 162852 244201 246588 19711 98354 143820
1993 9813684 1781897 1233606 1241854 766600 630409 220835 92434 184473 175599 8136 167084
1994 10521984 2752917 1302542 839050 859690 502194 461970 150083 53928 132285 135816 116007
1995 9148162 2875654 1983355 885352 561166 553584 306544 320245 87718 22894 93125 145963
1996 6130664 2491653 2144758 1402075 564447 363708 396321 193173 238512 57447 12114 177602
1997 7539743 1958354 1818770 1468921 983471 380854 250964 295752 129224 174552 36578 120981
1998 6087322 2627504 1441833 1291482 995346 706370 248755 166968 204817 81608 127200 99784
1999 5994903 2054558 1947002 1026782 898030 657827 516088 169897 116953 155726 50241 177271
2000 6594913 2000583 1522359 1414432 738635 625314 460417 401390 116753 80231 110483 180162
2001 6753330 2363221 1465419 1075858 976326 512469 456207 355291 304087 89763 54700 220584
2002 7720627 2634666 1754601 1021070 730993 688095 358717 334694 257116 231187 68403 201334
2003 12770877 3169744 1941776 1196309 701882 493724 499303 261116 251405 187830 180387 202104
2004 22548437 4928554 2386271 1389228 816777 483578 344405 360335 194584 187654 141785 293337
2005 *** 8595460 3718014 1669051 997082 569087 348573 246462 266396 153057 137119 349969
2006 *** 7775395 6514601 2771612 1180443 700328 398256 241237 167461 196022 118280 378515  

 

3.2.2.4. Spawning Stock Biomass  

According to the base models, the spawning stock (measured by egg production) in the Atlantic 
decreased about 45% since 1981, while in the Gulf, the spawning stock increased roughly 2-fold 
from 1985 to 2001, then increased steeply after 2001, mostly due to larger than average 
recruitment during that time (Figure 3.12 and Table 3.36).  Figure 3.13 shows the 
restrospective pattern in the estimates of SSB. 
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Figure 3.12. Annual trend in spawning stock (millions of eggs) for base models.  

84 
SEDAR 16 SAR SECTION 3  ASSESSMENT WORKSHOP REPORT 



Gulf of Mexico and South Atlantic King Mackerel 

0

1000

2000

3000

4000

5000

1980 1985 1990 1995 2000 2005 2010

Eg
g 
pr
od

uc
ti
on

 (S
SB

)

Year

Atl. ‐ base

0

1000

2000

3000

4000

5000

6000

7000

1980 1985 1990 1995 2000 2005 2010

Eg
g 
pr
od

uc
ti
on

 (S
SB

)

Year

Gulf‐ base

 

Figure 3.13 Retrospective estimates of SSB (egg production) obtained when the same base 
model is re-run deleting the data from the terminal year, the last two years, and so on. 

 

Spawning stock trajectories, as a function of the status determination criterion MSST (where 
MSST = (1-M) * SSBSPR30. and M = 0.1603 in the Atlantic and 0.1738 in the Gulf of Mexico) 
are shown in (Figure 3.14 and Table 3.37). In the Atlantic SSB/MSST declined during the time 
series from 2.5 in 1981 to 1.3 in 2006, and in the Gulf, SSB/MSST generally increased during 
the time series, from 0.87 in 1981 to about 1.8 in 2006.  

According to the deterministic results, the Atlantic and Gulf migratory stocks were not 
overfished as of 2006, although the Gulf stock had been overfished as recently as 1996. 

                             Atlantic                                                      Gulf 

  

Figure 3.14. Annual trend in SSB/MSST for base models with upper and lower 80% confidence 
intervals.  
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Table 3.37. Spawning stock (millions of eggs) and SSB/MSST for the Atlantic and Gulf base 
runs.  

Year SSB 
ATL 

SSB/ 
MSST  
ATL 

 Year SSB 
Gulf 

SSB/ 
MSST  
Gulf 

1981 4508 2.47  1981 2123 0.87 

1982 4568 2.50  1982 2036 0.83 

1983 4587 2.51  1983 1555 0.64 

1984 4498 2.46  1984 1591 0.65 

1985 4418 2.42  1985 1502 0.61 

1986 4275 2.34  1986 1533 0.63 

1987 4086 2.24  1987 1591 0.65 

1988 3873 2.12  1988 1732 0.71 

1989 3555 1.95  1989 1749 0.72 

1990 3545 1.94  1990 1887 0.77 

1991 3580 1.96  1991 2042 0.84 

1992 3369 1.84  1992 2217 0.91 

1993 3098 1.70  1993 2249 0.92 

1994 2962 1.62  1994 2269 0.93 

1995 2873 1.57  1995 2215 0.91 

1996 2847 1.56  1996 2346 0.96 

1997 2824 1.55  1997 2451 1.00 

1998 2701 1.48  1998 2516 1.03 

1999 2641 1.45  1999 2657 1.09 

2000 2640 1.45  2000 2771 1.13 

2001 2476 1.36  2001 2864 1.17 

2002 2377 1.30  2002 2904 1.19 

2003 2341 1.28  2003 2979 1.22 

2004 2365 1.29  2004 3184 1.30 

2005 2433 1.33  2005 3690 1.51 

2006 2443 1.34  2006 4543 1.86 

 

3.2.2.5. Fishery Selectivity  

For the base models, fleet/index selectivity-at-age was estimated using the partial catches (fleet 
specific catch-at-age) fit using the Butterworth and Geromont (1999) method (Figure 3.15 and 
Table 3.38). This approach computes an average, constant selectivity pattern for the entire time 
period. It is important to note that the shrimp bycatch indices (SEAMAP Fall Groundfish 
Survey) were assigned a fixed selectivity equal to 1.0 for Age-0 and 0.0 for all other ages. Also, 
the SEAMAP Ichthyoplankton survey was used to index SSB, and assigned a fixed selectivity 
equal to Maturity*Fecundity-at-age.  
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According to the VPA base run the selectivity of the recreational fleets was generally maximal at 
ages 2-5. The headboat selectivity declines quickly on older ages, while the MRFSS recreational 
fishery continues to land (or catch and release) older king mackerel. The commercial selectivity-
at-age is similar to the headboat in the Atlantic, with the exception that older fish continue to 
experience high vulnerability to the North Carolina TT fleet. In the Gulf, the selectivity of the 
commercial fleet is relatively low on the youngest ages, maximal on ages 7-8, and continues to 
be high through Age 11+. 

 

 

Figure 3.15. Fleet/Index selectivity by age for the base runs. 

 

Table 3.38. Fleet/Index selectivity by age for the base runs. 

 

Region Fleet/Index Age 0 Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8 Age 9 Age 10 Age 11+
NC_TT ‐ 0.069 0.703 0.824 0.983 1.000 0.920 0.841 0.936 0.934 0.960 0.772
MRFSS_ATL_NOMIX ‐ 0.200 0.525 0.689 1.000 0.981 0.982 0.807 0.768 0.813 0.779 0.868
HEADBOAT_NOMIX ‐ 0.234 0.189 0.479 1.000 0.817 0.762 0.205 0.142 0.192 0.318 0.294
SEAMAP_SA_TRAWL 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
COM_GULF_NOMIX ‐ 0.180 0.386 0.547 0.616 0.697 0.655 0.785 1.000 0.627 0.624 0.814
MRFSS_GULF_NOMIX ‐ 0.476 0.961 0.995 0.922 0.944 0.917 0.946 0.922 1.000 0.707 0.777
HEADBOAT_GULF_NOMIX ‐ 0.284 1.000 0.917 0.552 0.476 0.493 0.387 0.335 0.398 0.191 0.196
SEAMAP_GROUNDFISH 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
SEAMAP_PLANKTON 0.000 0.024 0.141 0.278 0.455 0.661 0.801 0.926 1.041 1.145 1.238 1.524

ATL

GOM

 

3.2.2.6. Fishing Mortality  

Annual trends in fishing mortality are summarized in Figure 3.16 and Table 3.39.  Figure 3.15 
compares trends in fishing mortality expressed either as apical F (the highest F-at-age value in 
any given year) or as current F (a 3-year running mean). As expected, the apical F measure is 
more variable and is associated with different ages in different years. The current F measure 
changes more slowly and because it is a running mean, the age with which it is associated does 
not change constantly.  
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In the Atlantic, current F has increased gradually since 2000, while current F has decreased 
gradually since 1995 in the Gulf. A retrospective pattern of the current F estimates is shown in 
Figure 3.17. 
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Figure 3.16. Annual trend in apical fishing mortality and current fishing mortality for base 
models. .  
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Figure 3.17 Retrospective estimates of current fishing mortality obtained when the same base 
model is re-run deleting the data from the terminal year, the last two years, and so on. 

The status determination criterion MFMT is estimated by FSPR30. Usually, the values of 
most interest are those associated with current status so that MFMT is calculated with a 
selectivity vector that reflects the current situation. MFMT was calculated using the current F 
selectivity (based on the geometric mean F values for 2004-2006) and is used to determine if 
overfishing is currently occurring. Historical estimates of F can also be compared to MFMT 
calculated from current selectivity, but such comparison may be difficult to interpret if the ages 
that are fully selected change substantially. For that purpose, this document also presents values 
of MFMT calculated each year, to reflect historical changes in the selectivity patterns.   Fishing 
mortality trajectories relative to MFMT (calculated on the basis of the selectivity corresponding 
to the mean 2004-2006 F values, or on the extant selectivity each 3-year time period) are shown 
in Figure 3.18 and Table 3.39b. In the Atlantic, F/MFMT measured with either method has 
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generally been below 1.0. The ratio of F relative to MFMT that varies annually has an increasing 
trend, with values around 1.0 in the most recent years. In the Gulf, the ratios using the MFMT 
based on the 2004-2006 selectivity suggest that overfishing was more severe in the late 1980s 
and early 1990s, than if the ratios are calculated allowing MFMT to vary over time. Depending 
on the measure of MFMT that is used, overfishing ended for the Gulf unit in 2000 or 2001 
(Table 3.39b).  

According to the base results, overfishing is not occurring for the Gulf migratory unit. 
For the Atlantic migratory unit, the point estimate of current F is the same magnitude as the point 
estimate of MFMT.  
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Figure 3.18. Annual trend in F/MFMT for base models using two different measures of MFMT. 
MFMTy  corresponds to F30% calculated with the selectivity vector corresponding to each year's 
current selectivity (based on the mean F values for years y-2, y-1 and y); MFMT2006 is calculated 
with the 2006 current F selectivity vector (based on F for years 2004-2006). . 
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Table 3.39a. Estimated fishing mortality matrices for base models (results shown without the 
Recruitment Patch). 

1. Atlantic Migratory Unit 

Year/Age 0 1 2 3 4 5 6 7 8 9 10 11 

1981 0.000 0.017 0.026 0.285 0.442 0.262 0.413 0.018 0.054 0.006 0.103 0.103 

1982 0.010 0.036 0.031 0.103 0.386 0.38 0.163 0.346 0.016 0.117 0.087 0.087 

1983 0.024 0.127 0.101 0.175 0.113 0.189 0.381 0.055 0.064 0.002 0.077 0.077 

1984 0.015 0.037 0.024 0.201 0.287 0.096 0.223 0.126 0.009 0.063 0.057 0.057 

1985 0.045 0.029 0.113 0.16 0.441 0.393 0.054 0.061 0.069 0.029 0.022 0.022 

1986 0.000 0.048 0.165 0.128 0.273 0.169 0.178 0.189 0.143 0.288 0.164 0.164 

1987 0.000 0.11 0.094 0.106 0.145 0.159 0.208 0.103 0.128 0.149 0.147 0.147 

1988 0.000 0.017 0.129 0.172 0.188 0.105 0.199 0.287 0.135 0.181 0.267 0.267 

1989 0.004 0.044 0.104 0.127 0.115 0.158 0.196 0.154 0.219 0.142 0.203 0.203 

1990 0.015 0.044 0.128 0.142 0.156 0.118 0.176 0.147 0.143 0.331 0.186 0.186 

1991 0.014 0.032 0.132 0.207 0.194 0.213 0.19 0.248 0.311 0.216 0.283 0.283 

1992 0.013 0.038 0.139 0.202 0.226 0.259 0.201 0.178 0.199 0.254 0.345 0.345 

1993 0.008 0.039 0.092 0.105 0.111 0.133 0.173 0.212 0.201 0.222 0.318 0.318 

1994 0.006 0.039 0.158 0.14 0.132 0.131 0.239 0.197 0.182 0.189 0.252 0.252 

1995 0.01 0.043 0.17 0.179 0.208 0.121 0.177 0.188 0.289 0.361 0.241 0.241 

1996 0.016 0.026 0.18 0.218 0.261 0.243 0.121 0.193 0.306 0.366 0.198 0.198 

1997 0.007 0.046 0.151 0.195 0.265 0.247 0.27 0.204 0.235 0.39 0.296 0.296 

1998 0.013 0.024 0.119 0.19 0.263 0.315 0.256 0.255 0.207 0.253 0.236 0.236 

1999 0.017 0.031 0.139 0.123 0.196 0.191 0.233 0.181 0.22 0.146 0.152 0.152 

2000 0.011 0.016 0.175 0.227 0.229 0.19 0.156 0.17 0.113 0.263 0.226 0.226 

2001 0.002 0.015 0.095 0.137 0.285 0.214 0.222 0.163 0.124 0.133 0.238 0.238 

2002 0.003 0.029 0.236 0.169 0.191 0.269 0.175 0.13 0.143 0.14 0.144 0.144 

2003 0.003 0.012 0.146 0.23 0.264 0.268 0.358 0.27 0.18 0.113 0.138 0.138 

2004 0.003 0.016 0.165 0.203 0.298 0.332 0.346 0.377 0.278 0.146 0.116 0.116 

2005 0.003 0.009 0.141 0.183 0.208 0.284 0.257 0.253 0.344 0.243 0.089 0.089 

2006 0.004 0.01 0.154 0.194 0.231 0.359 0.252 0.247 0.358 0.19 0.156 0.156 
 

2. Gulf Migratory Unit 

Year/Age 0 1 2 3 4 5 6 7 8 9 10 11 

1981 0.195 0.014 0.043 0.271 0.34 0.33 0.285 0.266 0.143 0.168 0.033 0.033 

1982 0.09 0.037 0.228 0.305 0.459 0.482 1.008 0.3 0.347 0.52 0.448 0.448 

1983 0.413 0.063 0.185 0.208 0.079 0.167 0.166 0.233 0.238 0.143 0.061 0.061 

1984 0.399 0.04 0.055 0.354 0.427 0.149 0.278 0.203 0.263 0.033 0.075 0.075 

1985 0.262 0.014 0.154 0.123 0.19 0.558 0.185 0.107 0.219 0.466 0.086 0.086 

1986 0.366 0.027 0.171 0.357 0.062 0.215 0.556 0.102 0.032 0.113 0.086 0.086 

1987 0.493 0.099 0.076 0.037 0.186 0.07 0.094 0.201 0.049 0.046 0.047 0.047 
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1988 0.368 0.036 0.142 0.121 0.097 0.365 0.225 0.234 0.225 0.192 0.239 0.239 

1989 0.548 0.058 0.182 0.176 0.137 0.108 0.233 0.107 0.123 0.25 0.122 0.122 

1990 0.422 0.051 0.109 0.177 0.24 0.094 0.105 0.212 0.118 0.13 0.132 0.132 

1991 0.568 0.084 0.168 0.12 0.176 0.199 0.097 0.047 0.188 0.166 0.105 0.105 

1992 0.428 0.045 0.133 0.192 0.137 0.201 0.378 0.099 0.163 0.712 0.206 0.206 

1993 0.506 0.039 0.143 0.146 0.216 0.115 0.198 0.357 0.156 0.084 0.25 0.25 

1994 0.532 0.054 0.143 0.18 0.233 0.297 0.178 0.355 0.68 0.178 0.379 0.379 

1995 0.536 0.019 0.104 0.228 0.227 0.138 0.274 0.113 0.246 0.464 0.132 0.132 

1996 0.376 0.041 0.136 0.133 0.186 0.175 0.105 0.22 0.135 0.278 0.287 0.287 

1997 0.289 0.032 0.1 0.167 0.124 0.23 0.219 0.186 0.283 0.144 0.293 0.293 

1998 0.321 0.026 0.097 0.141 0.207 0.118 0.193 0.174 0.097 0.312 0.081 0.081 

1999 0.333 0.026 0.077 0.107 0.155 0.16 0.063 0.193 0.2 0.17 0.07 0.07 

2000 0.261 0.037 0.104 0.149 0.158 0.119 0.071 0.096 0.086 0.21 0.111 0.111 

2001 0.176 0.024 0.119 0.165 0.143 0.16 0.122 0.142 0.097 0.099 0.149 0.149 

2002 0.125 0.031 0.14 0.153 0.185 0.124 0.129 0.104 0.137 0.075 0.125 0.125 

2003 0.187 0.01 0.092 0.16 0.165 0.164 0.138 0.112 0.116 0.108 0.1 0.1 

2004 0.2 0.008 0.115 0.11 0.154 0.131 0.146 0.12 0.063 0.141 0.053 0.053 

2005 0.15 0.003 0.051 0.124 0.146 0.161 0.18 0.205 0.13 0.085 0.088 0.088 

2006 0.085 0.003 0.031 0.085 0.16 0.185 0.176 0.216 0.203 0.097 0.086 0.086 
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Table 3.39b. Annual Trends in current F relative to MFMT. MFMT has been computed in two 
ways. MFMTy  corresponds to F30% calculated with the selectivity vector corresponding to each 
year's current F; MFMT2006 is calculated with the 2006 current F selectivity vector. The boxed 
numbers indicate years where F>= MFMT. 

ATLANTIC     Fcurr / Fcurr / GULF       Fcurr / Fcurr / 

Year Fcurr MFMT06 MFMTy MFMT06 MFMTy Year Fcurr MFMT06 MFMTy MFMT06 MFMTy 

1983 0.29 0.32 0.41 0.91 0.72 1983 0.36 0.25 0.29 1.45 1.27 

1984 0.24 0.32 0.36 0.74 0.67 1984 0.36 0.25 0.27 1.43 1.35 

1985 0.24 0.32 0.37 0.75 0.65 1985 0.35 0.25 0.29 1.40 1.19 

1986 0.33 0.32 0.48 1.00 0.68 1986 0.34 0.25 0.28 1.34 1.20 

1987 0.26 0.32 0.36 0.80 0.73 1987 0.36 0.25 0.35 1.44 1.03 

1988 0.20 0.32 0.26 0.61 0.76 1988 0.40 0.25 0.37 1.62 1.08 

1989 0.20 0.32 0.29 0.62 0.70 1989 0.46 0.25 0.41 1.85 1.14 

1990 0.22 0.32 0.30 0.67 0.72 1990 0.44 0.25 0.35 1.75 1.25 

1991 0.22 0.32 0.28 0.68 0.78 1991 0.51 0.25 0.40 2.03 1.26 

1992 0.26 0.32 0.30 0.81 0.88 1992 0.47 0.25 0.37 1.87 1.27 

1993 0.31 0.32 0.37 0.97 0.85 1993 0.50 0.25 0.37 1.98 1.35 

1994 0.30 0.32 0.38 0.93 0.80 1994 0.49 0.25 0.32 1.94 1.50 

995 0.27 0.32 0.34 0.83 0.78 1995 0.52 0.25 0.35 2.09 1.52 

1996 0.29 0.32 0.33 0.90 0.90 1996 0.48 0.25 0.33 1.90 1.46 

1997 0.37 0.32 0.37 1.15 0.99 1997 0.39 0.25 0.31 1.55 1.27 

1998 0.33 0.32 0.32 1.02 1.03 1998 0.33 0.25 0.29 1.30 1.13 

1999 0.25 0.32 0.27 0.78 0.95 1999 0.31 0.25 0.31 1.25 1.02 

2000 0.23 0.32 0.25 0.70 0.90 2000 0.30 0.25 0.32 1.21 0.94 

2001 0.23 0.32 0.28 0.72 0.83 2001 0.25 0.25 0.28 0.99 0.88 

2002 0.23 0.32 0.27 0.71 0.86 2002 0.18 0.25 0.21 0.71 0.85 

2003 0.25 0.32 0.28 0.77 0.88 2003 0.16 0.25 0.20 0.65 0.83 

2004 0.29 0.32 0.29 0.89 0.98 2004 0.17 0.25 0.21 0.67 0.79 

2005 0.32 0.32 0.32 0.98 0.99 2005 0.18 0.25 0.23 0.71 0.76 

2006 0.32 0.32 0.32 1.00 1.00 2006 0.17 0.25 0.25 0.70 0.70 

 

The estimated current (2004-2006) fishing mortality rates-at-age for the base models are shown 
in Figure 3.19. These were estimated for ages 0-10. The plus group (11+) terminal F was fixed 
at the estimated value for age 10.  The values are also tabulated in Section 3.2.2.2.  
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Figure 3.19. Terminal year (2006) fishing mortality-at-age for base models. 

 

3.2.2.7. Stock-Recruitment Parameters  

As per the instructions of the SEDAR16 AW panel, the stock recruitment relationship was 
modeled using a Beverton-Holt S-R function with an assumption of high steepness (0.95). 
Maximum recruitment was set equal to the geometric mean of VPA estimated recruits over the 
years for which indices of stock and recruitment were both available (1981-2004 GOM and 
1989-2004 ATL) (Figure 3.20). The parameters of the S-R relationship are tabulated in Table 
3.40. 

 

Figure 3.20. Beverton and Holt S-R functions fit to the results of the base models. 

 

Table 3.40. Stock recruitment parameters for the base models. 

Region Steepness Α (R0) Β (S0) CV 
ATL Fixed at 0.95 3.46E+06 6453 0.40 

GULF Fixed at 0.95 7.78E+06 11721 0.52 
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3.2.2.8. Evaluation of Uncertainty  

To evaluate model uncertainty, 1000 bootstraps were run using the index residuals for both base 
and sensitivity models. The results were used to construct “phase plots” of the 2006 stock status 
(Figure 3.21). The x-axis indicates 2006 spawning stock biomass as a function of the 
management benchmark MSST (MSST = (1-M) *SSBSPR30). Values less than MSST indicate 
that the population is overfished according to this criterion. The y-axis indicates the 2006 fishing 
mortality as a function of the management benchmark MFMT (= FSPR30). Values greater than 1.0 
suggest the population is experiencing overfishing according to this criterion.  
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Figure 3.21. Phase plots of current stock status for the base The red diamond is the deterministic 
result, blue squares are bootstrap results.  

In addition to the base runs, bootstraps analyses were completed for three sensitivity runs 
(Figure 3.22). Model inputs and settings were identical to the base case except that:  

1. Sensitivity 1 was intended to examine the influence of the “Status Quo – Mixing” 
assumption (e.g. 100% of winter landings in mixing zone assigned to Gulf) 

2. For Sensitivity 2, indices of abundance were equally weighted and each index CV was set 
equal to 1.0 (annual estimates of abundance weighted equally). 

3. For Sensitivity 3, variance scaling parameters were estimated for each index.  

The results show again that the choice of index weighting can have important implications on the 
perception of stock status. 
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Figure 3.22. Phase plots of 2006 stock status from the sensitivity runs Top: Status Quo Mixing, 
Middle: Estimate Variance Scalars and Bottom: Equally Weighted Indices sensitivity runs. The 
red diamond is the deterministic result, black squares are bootstrap results 
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The bootstrap results were used to estimate the proportion of the runs that resulted in an 
overfished condition (SSB2006 < MSST) and current overfishing (Fcurrent > MFMT). These results 
are summarized in Table 3.41.  As shown in previous versions of this assessment document, the 
choice of how to weight the indices has a substantial impact on the perception of stock status. 
For example, the Gulf migratory unit's status would be assessed as undergoing overfishing with 
high probability if the variance scalars for the different indices were estimated, while it has a low 
probability of being overfished when the weighting scheme of the base case is used. See also 
SEDAR16-AW-09. 

Table 3.41. Proportion of the bootstraps where SSB2006 < MSST or Fcurrent > MFMT for various 
model runs.  

Region Model  Prob. SSB2006 < MSST Prob. FCurrent > MFMT

(Overfished) (Overfishing) 

Atl Base  (50% - 50% Mixing) 4.20% 66.70% 

  Status Quo (100% Mixing) 2.20% 55.30% 

  Equal Weight Indices 4.60% 54.40% 

  Estimate Variance Scalars 0.00% 0.00% 

        

Gulf Base  (50% - 50% Mixing) 0.10% 1.00% 

  Status Quo (100% Mixing) 0.00% 0.30% 

  Equal Weight Indices 0.00% 0.70% 

  Estimate Variance Scalars 0.90% 99.9% 

 

3.2.2.9. Benchmarks / Reference Points / ABC values 

The benchmarks and reference points for the base and sensitivity runs are summarized in Figure 
3.23 and Tables 3.42 – 3.43.   As noted before, the results were particularly sensitive to the 
weighting of the indices in the VPA. 
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Figure 3.23. Phase plot showing 2006 stock status for base runs and sensitivity analyses. The 
errors bars indicate the 10th and 90th percentiles.  
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Table 3.42. Benchmarks / Reference Points for the Atlantic base and sensitivity runs. 

          

  

MEASURE
Determ. 
Run

LOWER 
80% CI

UPPER 
80% CI

F SPR30 0.32 0.32 0.37
F SPR40 0.22 0.22 0.26
F 65% FSPR30 0.21 ‐ ‐
F 75% FSPR30 0.24 ‐ ‐
F 85% FSPR30 0.27 ‐ ‐
Y @ SPR30 (LBS) 8.96E+06 7.84E+06 1.17E+07
S/R at F30 0.54 0.54 0.54
S/R at F40 0.72 0.72 0.72
S/R at 65% FSPR30 0.74 ‐ ‐
S/R at 75% FSPR30 0.67 ‐ ‐
S/R at 85% FSPR30 0.61 ‐ ‐
SSB at F30 2176 2172 2176
SSB at F40 2930 2928 2935
SSB at 65% FSPR30 3029 ‐ ‐
SSB  at 75% FSPR30 2733 ‐ ‐
SSB at 85% FSPR30 2485 ‐ ‐
Y/R at F30 1.01 0.98 1.02
Y/R at F40 0.90 0.87 0.92
Y/R at 65% FSPR30 0.89 ‐ ‐
Y/R at 75% FSPR30 0.93 ‐ ‐
Y/R at 85% FSPR30 0.97 ‐ ‐

M 0.16 0.16 0.16
F 2006 0.36 0.31 0.53
F Current 0.32 0.30 0.46
SSB 2006 2443.0 1951.0 3203.0
MFMT 0.32 0.32 0.37
MSST 1827.5 1823.8 1827.3
SSB2006/MSST 1.34 1.07 1.75

ATL BASE ‐ No Rec. Patch

Fcurrent/MFMT 1.01 0.87 1.31

MEASURE
Determ. 
Run

LOWER 
80% CI

UPPER 
80% CI

F SPR30 0.35 0.35 0.40
F SPR40 0.24 0.24 0.28
F 65% FSPR30 0.23 ‐ ‐
F 75% FSPR30 0.26 ‐ ‐
F 85% FSPR30 0.30 ‐ ‐
Y @ SPR30 (LBS) 7.46E+06 6.51E+06 1.04E+07
S/R at F30 0.54 0.54 0.54
S/R at F40 0.72 0.72 0.72
S/R at 65% FSPR30 0.74 ‐ ‐
S/R at 75% FSPR30 0.67 ‐ ‐
S/R at 85% FSPR30 0.61 ‐ ‐
SSB at F30 1807 1804 1807
SSB at F40 2432 2432 2437
SSB at 65% FSPR30 2513 ‐ ‐
SSB  at 75% FSPR30 2267 ‐ ‐
SSB at 85% FSPR30 2062 ‐ ‐
Y/R at F30 1.01 0.99 1.03
Y/R at F40 0.90 0.88 0.92
Y/R at 65% FSPR30 0.89 ‐ ‐
Y/R at 75% FSPR30 0.93 ‐ ‐
Y/R at 85% FSPR30 0.97 ‐ ‐

M 0.16 0.16 0.16
F 2006 0.34 0.31 0.55
F Current 0.32 0.31 0.48
SSB 2006 2255.0 1766.0 2915.0
MFMT 0.35 0.35 0.40
MSST 1517.1 1514.8 1517.3
SSB2006/MSST 1.49 1.17 1.97

ATL ‐ Status Quo ‐ No Rec. Patch

Fcurrent/MFMT 0.92 0.82 1.24

MEASURE
Determ. 
Run

LOWER 
80% CI

UPPER 
80% CI

F SPR30 0.32 0.32 0.38
F SPR40 0.22 0.22 0.26
F 65% FSPR30 0.21 ‐ ‐
F 75% FSPR30 0.24 ‐ ‐
F 85% FSPR30 0.28 ‐ ‐
Y @ SPR30 (LBS) 9.01E+06 7.93E+06 1.19E+07
S/R at F30 0.54 0.54 0.54
S/R at F40 0.72 0.72 0.72
S/R at 65% FSPR30 0.74 ‐ ‐
S/R at 75% FSPR30 0.67 ‐ ‐
S/R at 85% FSPR30 0.61 ‐ ‐
SSB at F30 2191 2187 2191
SSB at F40 2955 2948 2955
SSB at 65% FSPR30 3050 ‐ ‐
SSB  at 75% FSPR30 2752 ‐ ‐
SSB at 85% FSPR30 2502 ‐ ‐
Y/R at F30 1.00 0.98 1.02
Y/R at F40 0.90 0.87 0.92
Y/R at 65% FSPR30 0.89 ‐ ‐
Y/R at 75% FSPR30 0.93 ‐ ‐
Y/R at 85% FSPR30 0.97 ‐ ‐

M 0.16 0.16 0.16
F 2006 0.35 0.28 0.53
F Current 0.32 0.27 0.45
SSB 2006 2498.0 1974.0 3375.0
MFMT 0.32 0.32 0.38
MSST 1839.7 1836.1 1839.6
SSB2006/MSST 1.36 1.08 1.80

ATL ‐ SENSITIVITY ‐ Eq Wgt Indices 

Fcurrent/MFMT 0.98 0.81 1.28

‐
No Rec. Patch

MEASURE
Determ. 
Run

LOWER 
80% CI

UPPER 
80% CI

F SPR30 0.31 0.30 0.37
F SPR40 0.22 0.21 0.25
F 65% FSPR30 0.20 ‐ ‐
F 75% FSPR30 0.23 ‐ ‐
F 85% FSPR30 0.26 ‐ ‐
Y @ SPR30 (LBS) 1.07E+07 9.45E+06 1.41E+07
S/R at F30 0.54 0.54 0.54
S/R at F40 0.72 0.72 0.72
S/R at 65% FSPR30 0.76 ‐ ‐
S/R at 75% FSPR30 0.68 ‐ ‐
S/R at 85% FSPR30 0.62 ‐ ‐
SSB at F30 2689 2686 2691
SSB at F40 3623 3621 3630
SSB at 65% FSPR30 3825 ‐ ‐
SSB  at 75% FSPR30 3434 ‐ ‐
SSB at 85% FSPR30 3103 ‐ ‐
Y/R at F30 0.98 0.96 0.99
Y/R at F40 0.87 0.85 0.89
Y/R at 65% FSPR30 0.84 ‐ ‐
Y/R at 75% FSPR30 0.89 ‐ ‐
Y/R at 85% FSPR30 0.93 ‐ ‐

M 0.16 0.16 0.16
F 2006 0.19 0.17 0.25
F Current 0.19 0.17 0.24
SSB 2006 4255.0 3742.0 5295.0
MFMT 0.31 0.30 0.37
MSST 2258.1 2255.2 2260.0
SSB2006/MSST 1.88 1.66 2.34

ATL ‐ SENSITIVITY ‐ Est Var 
Scalars ‐ No Rec. Patch

Fcurrent/MFMT 0.61 0.53 0.71
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Table 3.43. Benchmarks / Reference Points for the Gulf base and sensitivity runs. 

 

 

MEASURE
Determ. 
Run

LOWER 
80% CI

UPPER 
80% CI

F SPR30 0.25 0.23 0.29
F SPR40 0.18 0.16 0.20
F 65% FSPR30 0.16 ‐ ‐
F 75% FSPR30 0.19 ‐ ‐
F 85% FSPR30 0.21 ‐ ‐
Y @ SPR30 (LBS) 1.02E+07 9.28E+06 1.47E+07
S/R at F30 0.45 0.45 0.46
S/R at F40 0.61 0.61 0.61
S/R at 65% FSPR30 0.65 ‐ ‐
S/R at 75% FSPR30 0.58 ‐ ‐
S/R at 85% FSPR30 0.53 ‐ ‐
SSB at F30 2957 2953 2962
SSB at F40 3984 3979 3993
SSB at 65% FSPR30 4263 ‐ ‐
SSB  at 75% FSPR30 3817 ‐ ‐
SSB at 85% FSPR30 3435 ‐ ‐
Y/R at F30 0.71 0.69 0.76
Y/R at F40 0.65 0.64 0.70
Y/R at 65% FSPR30 0.63 ‐ ‐
Y/R at 75% FSPR30 0.66 ‐ ‐
Y/R at 85% FSPR30 0.69 ‐ ‐

M 0.17 0.17 0.17
F 2006 0.22 0.17 0.29
F Current 0.17 0.15 0.24
SSB 2006 4543.0 3657.0 5432.0
MFMT 0.25 0.23 0.29
MSST 2443.3 2439.8 2447.0
SSB2006/MSST 1.86 1.50 2.24

GULF BASE ‐ No Rec. Patch

Fcurrent/MFMT 0.70 0.60 0.87

MEASURE
Determ. 
Run

LOWER 
80% CI

UPPER 
80% CI

F SPR30 0.24 0.23 0.28
F SPR40 0.17 0.16 0.20
F 65% FSPR30 0.16 ‐ ‐
F 75% FSPR30 0.18 ‐ ‐
F 85% FSPR30 0.21 ‐ ‐
Y @ SPR30 (LBS) 1.19E+07 1.08E+07 1.72E+07
S/R at F30 0.46 0.45 0.46
S/R at F40 0.61 0.61 0.61
S/R at 65% FSPR30 0.65 ‐ ‐
S/R at 75% FSPR30 0.58 ‐ ‐
S/R at 85% FSPR30 0.53 ‐ ‐
SSB at F30 3434 3423 3433
SSB at F40 4616 4612 4628
SSB at 65% FSPR30 4968 ‐ ‐
SSB  at 75% FSPR30 4444 ‐ ‐
SSB at 85% FSPR30 3995 ‐ ‐
Y/R at F30 0.72 0.70 0.76
Y/R at F40 0.65 0.64 0.70
Y/R at 65% FSPR30 0.63 ‐ ‐
Y/R at 75% FSPR30 0.66 ‐ ‐
Y/R at 85% FSPR30 0.69 ‐ ‐

M 0.17 0.17 0.17
F 2006 0.20 0.16 0.26
F Current 0.16 0.14 0.21
SSB 2006 5560.0 4448.0 6655.0
MFMT 0.24 0.23 0.28
MSST 2837.5 2827.9 2836.5
SSB2006/MSST 1.96 1.57 2.37

GULF ‐ Status Quo ‐ No Rec. 
Patch

Fcurrent/MFMT 0.66 0.56 0.81

MEASURE
Determ. 
Run

LOWER 
80% CI

UPPER 
80% CI

F SPR30 0.27 0.24 0.31
F SPR40 0.19 0.17 0.23
F 65% FSPR30 0.17 ‐ ‐
F 75% FSPR30 0.20 ‐ ‐
F 85% FSPR30 0.23 ‐ ‐
Y @ SPR30 (LBS) 1.03E+07 9.06E+06 1.53E+07
S/R at F30 0.45 0.45 0.46
S/R at F40 0.61 0.61 0.61
S/R at 65% FSPR30 0.66 ‐ ‐
S/R at 75% FSPR30 0.59 ‐ ‐
S/R at 85% FSPR30 0.53 ‐ ‐
SSB at F30 3129 3128 3137
SSB at F40 4228 4214 4228
SSB at 65% FSPR30 4616 ‐ ‐
SSB  at 75% FSPR30 4112 ‐ ‐
SSB at 85% FSPR30 3677 ‐ ‐
Y/R at F30 0.68 0.64 0.72
Y/R at F40 0.61 0.58 0.65
Y/R at 65% FSPR30 0.59 ‐ ‐
Y/R at 75% FSPR30 0.62 ‐ ‐
Y/R at 85% FSPR30 0.65 ‐ ‐

M 0.17 0.17 0.17
F 2006 0.23 0.19 0.36
F Current 0.17 0.14 0.24
SSB 2006 5268.0 4257.0 6360.0
MFMT 0.27 0.24 0.31
MSST 2585.6 2584.1 2592.0
SSB2006/MSST 2.04 1.64 2.46

GULF ‐ SENSITIVITY ‐ Eq Wgt 
Indices ‐ No Rec. Patch

Fcurrent/MFMT 0.64 0.54 0.81

MEASURE
Determ. 
Run

LOWER 
80% CI

UPPER 
80% CI

F SPR30 0.27 0.27 0.33
F SPR40 0.20 0.20 0.24
F 65% FSPR30 0.18 ‐ ‐
F 75% FSPR30 0.21 ‐ ‐
F 85% FSPR30 0.23 ‐ ‐
Y @ SPR30 (LBS) 9.14E+06 7.83E+06 1.28E+07
S/R at F30 0.45 0.45 0.46
S/R at F40 0.61 0.61 0.61
S/R at 65% FSPR30 0.66 ‐ ‐
S/R at 75% FSPR30 0.63 ‐ ‐
S/R at 85% FSPR30 0.53 ‐ ‐
SSB at F30 2736 2731 2738
SSB at F40 3692 3679 3691
SSB at 65% FSPR30 4054 ‐ ‐
SSB  at 75% FSPR30 3823 ‐ ‐
SSB at 85% FSPR30 3222 ‐ ‐
Y/R at F30 0.69 0.66 0.73
Y/R at F40 0.62 0.59 0.65
Y/R at 65% FSPR30 0.59 ‐ ‐
Y/R at 75% FSPR30 0.61 ‐ ‐
Y/R at 85% FSPR30 0.65 ‐ ‐

M 0.17 0.17 0.17
F 2006 0.63 0.60 0.90
F Current 0.35 0.34 0.47
SSB 2006 3053.0 2557.0 3382.0
MFMT 0.27 0.27 0.33
MSST 2260.2 2256.1 2262.5
SSB2006/MSST 1.35 1.13 1.50

GULF ‐ SENSITIVITY ‐ Est Var 
Scalars ‐ No Rec. Patch

Fcurrent/MFMT 1.26 1.17 1.52
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3.2.2.10. Projections Base Case (TOR 8C) 

Projection results are summarized for the Atlantic and Gulf base cases, 2006-2016, in Figures 
3.24 - 3.25 and Tables 3.44-3.45. Projections for the Gulf are extremely optimistic, as a result of 
several very strong year-classes that are estimated in the VPA during the last few years. It is 
noted elsewhere in this document that the choice of weighting of the indices has a substantial 
impact on the perception of stock status. As noted in SEDAR16-AW-09, the choice of weighting 
also has a substantial impact on the estimates of recruitment during the last few years, in terms of 
fitting well or fitting poorly the SEAMAP groundfish trawl survey for the last few years. 
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Figure 3.24. Projections results for the Atlantic base. 
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Figure 3.25. Projections results for the Gulf base case. 
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Table 3.44. Projections results for the Atlantic base   YEAR 

  2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

TOTAL BIOMASS (Millions of lbs)                     

F30%SPR 60.38 53.68 53.02 52.45 51.70 50.95 50.27 49.85 49.54 49.32 49.12 48.96 

F40%SPR 60.38 53.68 54.50 56.53 57.96 58.89 59.52 60.16 60.69 61.13 61.44 61.71 

Fcurr 60.38 53.68 53.00 52.36 51.59 50.79 50.09 49.65 49.34 49.12 48.90 48.74 

F65spr30 60.38 53.68 54.63 56.92 58.60 59.75 60.56 61.35 61.97 62.52 62.92 63.23 

F75spr30 60.38 53.68 54.17 55.60 56.50 57.01 57.30 57.63 57.92 58.16 58.31 58.44 

F85spr30 60.38 53.68 53.70 54.30 54.50 54.45 54.30 54.28 54.28 54.32 54.28 54.28 

FISHING MORTALITY                       

F30%SPR 0.34 0.36 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 

F40%SPR 0.34 0.36 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 

Fcurr 0.34 0.36 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 

F65spr30 0.34 0.36 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 

F75spr30 0.34 0.36 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 

F85spr30 0.34 0.36 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 

RECRUITS                         

F30%SPR 3.63E+06 4.71E+06 4.06E+06 4.06E+06 4.06E+06 4.05E+06 4.05E+06 4.05E+06 4.05E+06 4.05E+06 4.05E+06 4.05E+06 

F40%SPR 3.63E+06 4.71E+06 4.06E+06 4.07E+06 4.07E+06 4.08E+06 4.08E+06 4.08E+06 4.08E+06 4.08E+06 4.08E+06 4.08E+06 

Fcurr 3.63E+06 4.71E+06 4.06E+06 4.06E+06 4.06E+06 4.05E+06 4.05E+06 4.05E+06 4.05E+06 4.05E+06 4.05E+06 4.05E+06 

F65spr30 3.63E+06 4.71E+06 4.06E+06 4.07E+06 4.07E+06 4.08E+06 4.08E+06 4.08E+06 4.08E+06 4.09E+06 4.09E+06 4.09E+06 

F75spr30 3.63E+06 4.71E+06 4.06E+06 4.07E+06 4.07E+06 4.07E+06 4.07E+06 4.07E+06 4.07E+06 4.08E+06 4.08E+06 4.08E+06 

F85spr30 3.63E+06 4.71E+06 4.06E+06 4.06E+06 4.06E+06 4.06E+06 4.06E+06 4.06E+06 4.06E+06 4.06E+06 4.06E+06 4.06E+06 

SSB                         

F30%SPR 2433 2443 2401 2381 2346 2311 2277 2252 2237 2229 2216 2208 

F40%SPR 2433 2443 2440 2558 2642 2701 2741 2775 2807 2837 2853 2867 

Fcurr 2433 2443 2400 2377 2340 2304 2269 2243 2227 2218 2205 2196 

F65spr30 2433 2443 2444 2576 2673 2743 2792 2834 2873 2909 2928 2947 
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F75spr30 2433 2443 2432 2518 2574 2609 2629 2647 2665 2684 2691 2698 

F85spr30 2433 2443 2419 2462 2479 2484 2479 2477 2480 2485 2482 2482 

YIELD REMOVALS (Millions of lbs)                     

F30%SPR 9.35 10.20 9.57 9.81 9.60 9.50 9.48 9.20 9.12 9.12 9.07 9.03 

F40%SPR 9.35 10.20 6.74 7.37 7.59 7.81 8.02 7.90 7.93 8.02 8.01 8.02 

Fcurr 9.35 10.20 9.63 9.86 9.64 9.53 9.50 9.22 9.14 9.14 9.08 9.05 

F65spr30 9.35 10.20 6.46 7.10 7.35 7.60 7.83 7.73 7.77 7.86 7.86 7.87 

F75spr30 9.35 10.20 7.37 7.95 8.09 8.25 8.42 8.26 8.27 8.34 8.32 8.32 

F85spr30 9.35 10.20 8.27 8.73 8.75 8.81 8.90 8.70 8.67 8.71 8.68 8.66 

F/MFMT                         

F30%SPR 1.07 1.11 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

F40%SPR 1.07 1.11 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 

Fcurr 1.07 1.11 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 

F65spr30 1.07 1.11 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 

F75spr30 1.07 1.11 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 

F85spr30 1.07 1.11 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 

SSB/MSST                         

F30%SPR 1.33 1.34 1.31 1.30 1.28 1.26 1.25 1.23 1.22 1.22 1.21 1.21 

F40%SPR 1.33 1.34 1.34 1.40 1.45 1.48 1.50 1.52 1.54 1.55 1.56 1.57 

Fcurr 1.33 1.34 1.31 1.30 1.28 1.26 1.24 1.23 1.22 1.21 1.21 1.20 

F65spr30 1.33 1.34 1.34 1.41 1.46 1.50 1.53 1.55 1.57 1.59 1.60 1.61 

F75spr30 1.33 1.34 1.33 1.38 1.41 1.43 1.44 1.45 1.46 1.47 1.47 1.48 

F85spr30 1.33 1.34 1.32 1.35 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36 
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Table 3.45. Projections results for the Gulf base . 

  YEAR 

  2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

TOTAL BIOMASS (Millions of lbs)                     

F30%SPR 118.21 138.94 148.75 142.79 132.17 120.13 109.19 100.13 93.39 88.47 84.83 81.84 

F40%SPR 118.21 138.94 151.37 150.99 145.66 137.88 129.83 122.38 116.47 111.82 108.11 104.92 

Fcurr 118.21 138.94 151.46 151.30 146.17 138.56 130.65 123.28 117.40 112.77 109.08 105.89 

F65spr30 118.21 138.94 151.92 152.80 148.70 142.00 134.75 127.82 122.22 117.73 114.09 110.89 

F75spr30 118.21 138.94 151.02 149.85 143.74 135.30 126.77 119.03 112.92 108.20 104.48 101.28 

F85spr30 118.21 138.94 150.09 146.98 138.96 128.97 119.36 110.98 104.52 99.65 95.92 92.79 

FISHING MORTALITY                       

F30%SPR 0.20 0.22 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

F40%SPR 0.20 0.22 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 

Fcurr 0.20 0.22 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 

F65spr30 0.20 0.22 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 

F75spr30 0.20 0.22 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 

F85spr30 0.20 0.22 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 

RECRUITS                         

F30%SPR 1.94E+07 1.61E+07 6.64E+06 6.65E+06 6.66E+06 6.65E+06 6.63E+06 6.61E+06 6.60E+06 6.58E+06 6.57E+06 6.56E+06 

F40%SPR 1.94E+07 1.61E+07 6.64E+06 6.66E+06 6.67E+06 6.67E+06 6.66E+06 6.65E+06 6.64E+06 6.63E+06 6.63E+06 6.62E+06 

Fcurr 1.94E+07 1.61E+07 6.64E+06 6.66E+06 6.67E+06 6.67E+06 6.66E+06 6.65E+06 6.64E+06 6.63E+06 6.63E+06 6.62E+06 

F65spr30 1.94E+07 1.61E+07 6.64E+06 6.66E+06 6.67E+06 6.67E+06 6.66E+06 6.66E+06 6.65E+06 6.64E+06 6.64E+06 6.63E+06 

F75spr30 1.94E+07 1.61E+07 6.64E+06 6.66E+06 6.67E+06 6.66E+06 6.66E+06 6.64E+06 6.63E+06 6.63E+06 6.62E+06 6.61E+06 

F85spr30 1.94E+07 1.61E+07 6.64E+06 6.66E+06 6.66E+06 6.66E+06 6.65E+06 6.63E+06 6.62E+06 6.61E+06 6.60E+06 6.59E+06 

SSB                         

F30%SPR 3690 4543 5557 6177 6246 5919 5384 4829 4395 4089 3892 3726 

F40%SPR 3690 4543 5557 6431 6792 6731 6399 5963 5592 5317 5140 4974 

Fcurr 3690 4543 5557 6440 6812 6762 6438 6008 5640 5368 5192 5026 

F65spr30 3690 4543 5557 6485 6914 6918 6638 6238 5889 5628 5462 5299 
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F75spr30 3690 4543 5557 6395 6715 6614 6249 5792 5409 5127 4945 4777 

F85spr30 3690 4543 5557 6307 6523 6325 5886 5383 4974 4677 4486 4317 

YIELD REMOVALS (Millions of lbs)                     

F30%SPR 9.61 10.52 19.11 22.09 22.62 21.34 18.92 16.42 14.39 12.80 12.06 11.56 

F40%SPR 9.61 10.52 13.90 16.76 17.90 17.66 16.32 14.59 13.03 11.69 11.07 10.64 

Fcurr 9.61 10.52 13.71 16.56 17.71 17.50 16.20 14.50 12.96 11.63 11.01 10.59 

F65spr30 9.61 10.52 12.78 15.54 16.75 16.68 15.56 14.00 12.56 11.29 10.70 10.30 

F75spr30 9.61 10.52 14.62 17.53 18.61 18.25 16.77 14.93 13.30 11.91 11.27 10.83 

F85spr30 9.61 10.52 16.44 19.42 20.32 19.62 17.77 15.66 13.85 12.37 11.68 11.21 

F/MFMT                         

F30%SPR 0.82 0.87 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

F40%SPR 0.82 0.87 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71 

Fcurr 0.82 0.87 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 

F65spr30 0.82 0.87 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 

F75spr30 0.82 0.87 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 

F85spr30 0.82 0.87 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 

SSB/MSST                         

F30%SPR 1.51 1.86 2.27 2.53 2.56 2.42 2.20 1.98 1.80 1.67 1.59 1.53 

F40%SPR 1.51 1.86 2.27 2.63 2.78 2.75 2.62 2.44 2.29 2.18 2.10 2.04 

Fcurr 1.51 1.86 2.27 2.64 2.79 2.77 2.63 2.46 2.31 2.20 2.13 2.06 

F65spr30 1.51 1.86 2.27 2.65 2.83 2.83 2.72 2.55 2.41 2.30 2.24 2.17 

F75spr30 1.51 1.86 2.27 2.62 2.75 2.71 2.56 2.37 2.21 2.10 2.02 1.96 

F85spr30 1.51 1.86 2.27 2.58 2.67 2.59 2.41 2.20 2.04 1.91 1.84 1.77 
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3.2.2.11. Projections for the Status Quo case (TOR 8B) 

Projection results are summarized for the Atlantic and Gulf status quo cases (where 100% of the 
fish in the mixing zone in the winter are assumed to belong to the Gulf migratory unit), 2006-
2016, in Figures 3.26 - 3.27 and Tables 3.46-3.47. Again, projections for the Gulf are extremely 
optimistic as a result of very strong yearclasses that are estimated by the VPA in recent years. 

Figure 3.26. Projection results for the status quo case, Atlantic. 
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Figure 3.27. Projection results for the status quo case, Gulf. 
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Table 3.46. Projections results for the Atlantic status quo case 

  YEAR 

  2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

TOTAL BIOMASS (Millions of lbs)                     

F30%SPR 55.14 49.12 48.04 46.56 45.22 44.05 43.06 42.42 41.95 41.62 41.31 41.07 

F40%SPR 55.14 49.12 49.36 50.24 50.79 51.04 51.10 51.32 51.50 51.70 51.76 51.85 

Fcurr 55.14 49.12 48.37 47.49 46.56 45.70 44.91 44.45 44.09 43.85 43.61 43.43 

F65spr30 55.14 49.12 49.47 50.62 51.37 51.79 51.99 52.32 52.58 52.87 53.00 53.13 

F75spr30 55.14 49.12 49.05 49.41 49.49 49.36 49.14 49.10 49.10 49.14 49.10 49.07 

F85spr30 55.14 49.12 48.63 48.24 47.71 47.11 46.54 46.23 46.01 45.86 45.68 45.55 

FISHING MORTALITY                       

F30%SPR 0.35 0.34 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

F40%SPR 0.35 0.34 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 

Fcurr 0.35 0.34 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 

F65spr30 0.35 0.34 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 

F75spr30 0.35 0.34 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 

F85spr30 0.35 0.34 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 

RECRUITS                         

F30%SPR 3.01E+06 3.92E+06 3.39E+06 3.38E+06 3.38E+06 3.37E+06 3.37E+06 3.37E+06 3.37E+06 3.36E+06 3.36E+06 3.36E+06 

F40%SPR 3.01E+06 3.92E+06 3.39E+06 3.39E+06 3.39E+06 3.39E+06 3.39E+06 3.39E+06 3.39E+06 3.39E+06 3.39E+06 3.39E+06 

Fcurr 3.01E+06 3.92E+06 3.39E+06 3.38E+06 3.38E+06 3.38E+06 3.38E+06 3.37E+06 3.37E+06 3.37E+06 3.37E+06 3.37E+06 

F65spr30 3.01E+06 3.92E+06 3.39E+06 3.39E+06 3.39E+06 3.39E+06 3.39E+06 3.39E+06 3.40E+06 3.40E+06 3.40E+06 3.40E+06 

F75spr30 3.01E+06 3.92E+06 3.39E+06 3.39E+06 3.39E+06 3.39E+06 3.39E+06 3.39E+06 3.39E+06 3.39E+06 3.39E+06 3.39E+06 

F85spr30 3.01E+06 3.92E+06 3.39E+06 3.39E+06 3.38E+06 3.38E+06 3.38E+06 3.38E+06 3.38E+06 3.38E+06 3.38E+06 3.38E+06 

SSB                         

F30%SPR 2230 2255 2208 2144 2073 2014 1962 1924 1901 1885 1867 1854 

F40%SPR 2230 2255 2244 2306 2339 2359 2367 2376 2389 2405 2408 2412 

Fcurr 2230 2255 2217 2184 2137 2095 2056 2027 2010 2000 1986 1976 

F65spr30 2230 2255 2248 2322 2366 2396 2411 2426 2445 2465 2471 2478 
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F75spr30 2230 2255 2236 2269 2277 2277 2268 2264 2267 2273 2269 2268 

F85spr30 2230 2255 2225 2218 2192 2166 2137 2117 2108 2104 2092 2085 

YIELD REMOVALS (Millions of lbs)                     

F30%SPR 7.58 8.45 8.69 8.90 8.42 8.21 8.15 7.76 7.68 7.67 7.60 7.56 

F40%SPR 7.58 8.45 6.12 6.70 6.69 6.78 6.93 6.68 6.70 6.76 6.72 6.72 

Fcurr 7.58 8.45 8.05 8.38 8.04 7.91 7.91 7.55 7.50 7.50 7.44 7.41 

F65spr30 7.58 8.45 5.88 6.46 6.49 6.61 6.78 6.54 6.56 6.63 6.60 6.60 

F75spr30 7.58 8.45 6.70 7.22 7.13 7.16 7.27 6.98 6.98 7.02 6.98 6.97 

F85spr30 7.58 8.45 7.51 7.93 7.70 7.63 7.68 7.34 7.31 7.33 7.28 7.26 

F/MFMT                         

F30%SPR 0.99 0.98 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

F40%SPR 0.99 0.98 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 

Fcurr 0.99 0.98 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 

F65spr30 0.99 0.98 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 

F75spr30 0.99 0.98 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 

F85spr30 0.99 0.98 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 

SSB/MSST                         

F30%SPR 1.47 1.49 1.46 1.41 1.37 1.33 1.29 1.27 1.25 1.24 1.23 1.22 

F40%SPR 1.47 1.49 1.48 1.52 1.54 1.55 1.56 1.57 1.57 1.59 1.59 1.59 

Fcurr 1.47 1.49 1.46 1.44 1.41 1.38 1.36 1.34 1.32 1.32 1.31 1.30 

F65spr30 1.47 1.49 1.48 1.53 1.56 1.58 1.59 1.60 1.61 1.62 1.63 1.63 

F75spr30 1.47 1.49 1.47 1.50 1.50 1.50 1.49 1.49 1.49 1.50 1.50 1.49 

F85spr30 1.47 1.49 1.47 1.46 1.44 1.43 1.41 1.40 1.39 1.39 1.38 1.37 
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Table 3.47. Projections results for the Gulf status quo case 

  YEAR 

  2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

TOTAL BIOMASS (Millions of lbs)                     

F30%SPR 142.44 167.51 178.29 169.78 156.04 141.29 128.33 117.77 109.92 104.17 99.91 96.39 

F40%SPR 142.44 167.51 181.51 179.68 172.16 162.24 152.45 143.61 136.60 131.11 126.79 123.00 

Fcurr 142.44 167.51 182.10 181.57 175.31 166.43 157.41 149.05 142.33 136.97 132.70 128.90 

F65spr30 142.44 167.51 182.26 182.06 176.15 167.57 158.75 150.53 143.90 138.60 134.33 130.54 

F75spr30 142.44 167.51 181.11 178.44 170.09 159.50 149.23 140.13 132.94 127.38 123.02 119.25 

F85spr30 142.44 167.51 179.96 174.89 164.29 151.90 140.41 130.58 123.04 117.33 112.96 109.26 

FISHING MORTALITY                       

F30%SPR 0.19 0.20 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 

F40%SPR 0.19 0.20 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 

Fcurr 0.19 0.20 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 

F65spr30 0.19 0.20 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 

F75spr30 0.19 0.20 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 

F85spr30 0.19 0.20 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 

RECRUITS                         

F30%SPR 2.28E+07 1.90E+07 7.70E+06 7.72E+06 7.72E+06 7.71E+06 7.69E+06 7.67E+06 7.65E+06 7.63E+06 7.62E+06 7.61E+06 

F40%SPR 2.28E+07 1.90E+07 7.70E+06 7.72E+06 7.73E+06 7.73E+06 7.72E+06 7.71E+06 7.70E+06 7.69E+06 7.68E+06 7.67E+06 

Fcurr 2.28E+07 1.90E+07 7.70E+06 7.73E+06 7.73E+06 7.73E+06 7.73E+06 7.72E+06 7.71E+06 7.70E+06 7.69E+06 7.69E+06 

F65spr30 2.28E+07 1.90E+07 7.70E+06 7.73E+06 7.73E+06 7.73E+06 7.73E+06 7.72E+06 7.71E+06 7.70E+06 7.69E+06 7.69E+06 

F75spr30 2.28E+07 1.90E+07 7.70E+06 7.72E+06 7.73E+06 7.73E+06 7.72E+06 7.70E+06 7.69E+06 7.68E+06 7.67E+06 7.67E+06 

F85spr30 2.28E+07 1.90E+07 7.70E+06 7.72E+06 7.72E+06 7.72E+06 7.71E+06 7.69E+06 7.68E+06 7.66E+06 7.65E+06 7.65E+06 

SSB                         

F30%SPR 4590 5560 6741 7397 7402 6970 6325 5676 5171 4815 4582 4387 

F40%SPR 4590 5560 6741 7707 8060 7940 7520 7000 6561 6237 6024 5829 

Fcurr 4590 5560 6741 7765 8187 8132 7764 7277 6858 6547 6343 6151 

F65spr30 4590 5560 6741 7780 8221 8184 7830 7353 6939 6632 6431 6240 
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F75spr30 4590 5560 6741 7668 7976 7814 7362 6821 6370 6040 5822 5625 

F85spr30 4590 5560 6741 7558 7740 7463 6926 6334 5855 5509 5282 5083 

YIELD REMOVALS (Millions of lbs)                     

F30%SPR 11.20 12.30 23.79 27.09 27.12 25.09 21.89 18.97 16.64 14.82 13.98 13.42 

F40%SPR 11.20 12.30 17.43 20.71 21.65 20.93 19.01 16.92 15.08 13.51 12.78 12.29 

Fcurr 11.20 12.30 16.24 19.44 20.50 19.97 18.28 16.36 14.62 13.11 12.42 11.95 

F65spr30 11.20 12.30 15.92 19.10 20.18 19.70 18.07 16.19 14.49 13.00 12.32 11.85 

F75spr30 11.20 12.30 18.22 21.53 22.40 21.53 19.46 17.26 15.35 13.73 12.99 12.49 

F85spr30 11.20 12.30 20.48 23.83 24.43 23.10 20.59 18.09 16.00 14.28 13.49 12.96 

F/MFMT                         

F30%SPR 0.78 0.81 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

F40%SPR 0.78 0.81 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 

Fcurr 0.78 0.81 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 

F65spr30 0.78 0.81 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 

F75spr30 0.78 0.81 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 

F85spr30 0.78 0.81 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 

SSB/MSST                         

F30%SPR 1.62 1.96 2.38 2.61 2.61 2.46 2.23 2.00 1.82 1.70 1.61 1.55 

F40%SPR 1.62 1.96 2.38 2.72 2.84 2.80 2.65 2.47 2.31 2.20 2.12 2.05 

Fcurr 1.62 1.96 2.38 2.74 2.89 2.87 2.74 2.56 2.42 2.31 2.24 2.17 

F65spr30 1.62 1.96 2.38 2.74 2.90 2.88 2.76 2.59 2.45 2.34 2.27 2.20 

F75spr30 1.62 1.96 2.38 2.70 2.81 2.75 2.59 2.40 2.24 2.13 2.05 1.98 

F85spr30 1.62 1.96 2.38 2.66 2.73 2.63 2.44 2.23 2.06 1.94 1.86 1.79 
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3.2.2.12. Other Projections (TORs 8A and 8D) 

The proportions of a migratory group's landings which occurred outside of one of two 
management area configurations [split at Dade/Monroe border, split along US 1 (and its 
extension to Tortugas) in the Keys] were calculated based on average catches (in weight, 
commercial and recreational combined) during 2004-2006. Data are presented for the base case 
assumption that 50% of the fish in the mixing zone belong to the Atlantic migratory unit. These 
calculations assume that all recreational landings in Monroe county in the winter were from 
Atlantic waters (the total recreational landings in that area in the winter are low (80-90,000 kg), 
so error in this assumption may have little impact). Table 3.48 shows the estimated percentages. 
For example, to use the Dade-Monroe management boundary: 17% of the fish caught in the Gulf 
migratory group should be assigned to the Atlantic side of the boundary, while 11% of the fish in 
the Atlantic migratory group should be assigned to the Gulf side of the boundary. 

Table 3.48. Information used to estimate the fraction of each migratory unit that is caught North 
(and South) of the jurisdictional boundaries in question (Dade-Monroe boundary or Council 
boundary). The data used are the landings (in kg) for 2004-2006. See the text for an explanation 
of how these are applied. 

Gulf Migratory group 
  Dade-Monroe boundary Council boundary 

  
total 

landings 

landings N 
of 

boundary  Percent 

landings S 
and E of  

boundary 

% landings 
S and E of  
boundary 

2004 
    
2,286,100  

       
364,794  16% 

       
437,168  19% 

2005 
    
1,913,531  

       
399,574  21% 

       
464,087  24% 

2006 
    
2,958,600  

       
462,668  16% 

       
531,122  18% 

total 
    
7,158,231  

    
1,227,036  17% 

    
1,432,378  20% 

Atlantic Migratory group 
  Dade-Monroe boundary Council boundary 

  
total 

landings 

landings S 
of 

boundary  Percent 

landings S 
and W of  
boundary Percent 

2004 
    
3,921,921  

       
390,190  10% 

       
194,654  5% 

2005 
    
3,472,155  

       
428,493  12% 

       
276,607  8% 

2006 
    
4,009,550  

       
450,446  11% 

       
232,862  6% 

total 11,403,627 1,269,129 11% 704,123 6% 
 

The projected yields corresponding to TOR 8A (... provide separate ABC values for each of two 
management areas delineated at the Miami-Dade/Monroe County line: all fish caught north of 
the line allocated to the Atlantic management area and all fish caught south of the line allocated 
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to the Gulf management area), and for TOR 8D (... ...provide separate ABC values for each of 
two management areas delineated at the Gulf and South Atlantic Council boundaries) are given 
in Table 3.49. For ease of comparison, the projections by migratory unit from the base case are 
also shown. 
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Table 3.49. Projected yields (total removals, including discards and bycatch, in million lbs) under different F strategies. The top of the 
table summarizes the projections by migratory unit for the base case. The middle and bottom projections show the same results, 
adjusted for two alternative management boundaries. 

Atlantic Migratory group yield streams Gulf Migratory group yield streams 
year F30% F40% Fcurrent 65% FSPR30 75% FSPR30 85% FSPR30 year F30% F40% Fcurrent 65% FSPR30 75% FSPR30 85% FSPR30 

2007 9.570 6.742 9.628 6.462 7.374 8.267 2007 19.107 13.902 13.715 12.776 14.623 16.440 
2008 9.815 7.366 9.861 7.101 7.945 8.733 2008 22.090 16.762 16.559 15.540 17.531 19.425 
2009 9.601 7.586 9.636 7.352 8.089 8.748 2009 22.619 17.899 17.710 16.749 18.611 20.318 
2010 9.502 7.807 9.531 7.597 8.250 8.812 2010 21.339 17.657 17.500 16.680 18.248 19.619 
2011 9.478 8.018 9.500 7.829 8.417 8.904 2011 18.918 16.323 16.200 15.558 16.771 17.769 
2012 9.195 7.901 9.215 7.727 8.263 8.697 2012 16.416 14.592 14.500 14.002 14.930 15.655 
2013 9.121 7.932 9.136 7.767 8.270 8.671 2013 14.387 13.032 12.959 12.560 13.298 13.847 
2014 9.125 8.023 9.140 7.864 8.340 8.715 2014 12.798 11.689 11.627 11.290 11.912 12.366 
2015 9.065 8.012 9.079 7.859 8.318 8.677 2015 12.059 11.065 11.008 10.701 11.266 11.676 
2016 9.030 8.018 9.046 7.871 8.316 8.660 2016 11.563 10.640 10.587 10.300 10.829 11.211 

Projections adjusted for Dade-Monroe management unit 
Yields North of Dade Monroe Yields South of Dade Monroe 

  F30% F40% Fcurrent 65% FSPR30 75% FSPR30 85% FSPR30   F30% F40% Fcurrent 65% FSPR30 75% FSPR30 85% FSPR30 
2007 11.766 8.364 10.900 7.923 9.049 10.153 2007 16.912 12.281 12.442 11.315 12.948 14.555 
2008 12.491 9.405 11.592 8.962 10.052 11.074 2008 19.415 14.722 14.829 13.680 15.425 17.083 
2009 12.390 9.795 11.587 9.391 10.363 11.240 2009 19.830 15.691 15.759 14.710 16.337 17.826 
2010 12.084 9.950 11.457 9.597 10.444 11.178 2010 18.756 15.514 15.574 14.680 16.053 17.253 
2011 11.651 9.911 11.209 9.612 10.342 10.946 2011 16.744 14.430 14.491 13.774 14.845 15.728 
2012 10.975 9.513 10.667 9.257 9.892 10.402 2012 14.636 12.981 13.049 12.471 13.301 13.950 
2013 10.563 9.275 10.334 9.048 9.621 10.071 2013 12.945 11.689 11.761 11.279 11.947 12.447 
2014 10.297 9.127 10.112 8.918 9.448 9.858 2014 11.626 10.584 10.656 10.236 10.804 11.222 
2015 10.118 9.011 9.951 8.814 9.318 9.708 2015 11.006 10.065 10.135 9.747 10.265 10.645 
2016 10.003 8.945 9.850 8.756 9.242 9.613 2016 10.591 9.713 9.782 9.415 9.903 10.257 

Projections adjusted for Council boundary management unit 
Yields SAFMC jurisdiction (east/north of Florida Keys-US-1) Yields GMFMC jurisdiction (west/south of Florida Keys-US-1) 

  F30% F40% Fcurrent 65% FSPR30 75% FSPR30 85% FSPR30   F30% F40% Fcurrent 65% FSPR30 75% FSPR30 85% FSPR30 
2007 12.818 9.118 11.793 8.629 9.857 11.059 2007 15.860 11.526 11.550 10.608 12.141 13.648 
2008 13.644 10.276 12.581 9.783 10.975 12.094 2008 18.261 13.851 13.839 12.858 14.502 16.064 
2009 13.549 10.711 12.600 10.261 11.326 12.287 2009 18.672 14.775 14.746 13.840 15.374 16.779 
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2010 13.200 10.870 12.459 10.477 11.404 12.207 2010 17.641 14.594 14.572 13.800 15.093 16.224 
2011 12.693 10.802 12.170 10.471 11.266 11.924 2011 15.703 13.540 13.530 12.916 13.921 14.750 
2012 11.927 10.346 11.562 10.064 10.753 11.306 2012 13.684 12.148 12.153 11.665 12.440 13.046 
2013 11.451 10.063 11.180 9.813 10.433 10.920 2013 12.057 10.901 10.915 10.514 11.135 11.598 
2014 11.137 9.879 10.917 9.650 10.222 10.665 2014 10.786 9.832 9.850 9.504 10.030 10.415 
2015 10.933 9.744 10.735 9.528 10.072 10.492 2015 10.191 9.333 9.351 9.033 9.512 9.861 
2016 10.801 9.665 10.620 9.458 9.983 10.382 2016 9.792 8.993 9.012 8.712 9.162 9.488 
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